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CHAPTER I 
REVIEW OF RELATED LITERATURE 
A. Normal anatomy and biomechanics of the TMJ 
The anatomy of the TMJ can be understood best by considering the 
osseous, soft tissue, and functional anatomy separately1• 2• 3 ' 4 • The TMJ is a 
synovial articulation formed by the condyle of the mandible and the glenoid fossa 
and articular eminence of the temporal bone at the base of the skull. The glenoid 
fossa and eminence form a smooth sigmoid curve. The condyle is located 
symmetrically in the fossa with almost uniform joint space. The condyle is 
approximately twice as long in mediolateral dimension as it is in the anteroposterior 
dimension and is oriented higher mesioposteriorly and lower lateroanteriorly. The 
articular surfaces are smooth and are covered by fibrocartilage rather than hyaline 
cartilage. 
The condyle is held in place relative to the temporal bone by muscle, 
8 Abbreviation: TMJ = temporomandibular joint .. 
1 
2 
ligaments, and the joint capsule. The most significant soft tissue structure is the 
dense fibrous disk. The disk is positioned within the joint in such a way to 
produced two joint spaces that do not communicate. The superior joint space is 
about three times as large as the inferior space. The ovoid disk is thin centrally 
with a thickened peripheral ridge. The anterior and posterior ridges of the disk are 
called the anterior and posterior bands; the posterior band is larger than the 
anterior. The anterior band of the disk is in continuity with the anterior margin of 
the condyle and the articular eminence, as well as with the joint capsule. The disk 
is attached to the superior head of the lateral pterygoid muscle anteromedially. The 
posterior band of the disk is continuous with the highly vascular and well-
innervated elastic connective tissue called the bilaminar zone. The superior portion 
of the bilaminar zone attaches to the posterior wall of the glenoid fossa; the inferior 
portion attaches to the posterior part of the condyle. The disk is attached to the 
neck of the condyle medially and laterally; the lateral part is thicker than the medial 
part. 
Collateral discal ligaments attach the disk to the medial and lateral poles of 
the condyle. These nonelastic structures, like other true ligaments, are composed 
of collagenous connective tissue fibers. They do not stretch appreciably. These 
ligaments serve to restrict the movements of the joint to hinge action in a single 
plane. They are not so rigidly attached as to prevent slight shifting movements of 
the disk laterally. The discal ligaments attach the disk to condyle in such a manner 
as to cause it to passively follow the condyle wherever it moves. 
3 
The biomechanics of the TM.f are determined by the morphology and 
structural arrangement of its parts as they relate to the demands of function. The 
articulation should be visualized as two hinge joints capable of a linear sliding 
movement down and around the articular eminence. This can take place 
symmetrically, as with protrusion and mouth opening, or asymmetrically, as with 
lateral excursions. Since the articular disks take part in both rotatory and 
translatory movements, they play the dominant role. The disks are the key to 
.. 
stability in this articulation6 • 
There are two types of movement take place between the disk and the 
condyle when jaws move. One is the rotation of the condyle in the disk and other 
is the rotation of the disk on the condyle. Both movement cause the same final 
result which is the disk is located posterior to the condyle. During the simple 
rotatory movement, the condyle rotates in the disk and the disk is positioned 
relatively posterior to the condyle. During the forward translatory movement, the 
disk rotates on the condyle in order to maintain continuous surface contact of the 
sliding parts. Protrusion and lateral excursion require only minimal rotation of the 
condyle in the disk but maximal rotation of the disk on the condyle. Jaws opening 
requires the complex conbination of both movement. 
One of the requirement for the rotation oi the disk on the condyle has to do 
with variation in interarticular pressure in response to masticatory stresses and the 
self-centering contour of the disk. In addition. two active forces relative to disk-
condyle position are present, namely, the anterior traction exerted by the superior 
4 
head of lateral pterygoid muscle and the posterior traction exerted by the elasticity 
of the superior portion of the bilaminar zone. In the presence of anteroposterior 
traction forces exerted on the disk, the determinant of the position between the 
disk and the condyle at any given time is the disk contour relative to the width of 
the disk space as determined by the joint pressure. The anterior and the posterior 
traction forces on the disk are needed to maintain the continuous contact of the 
articulating parts under all conditions of joint use. 
B. Internal derangement 
Various disorders of the TMJ occur and the most common intraarticular 
abnormalities of the TMJ are internal derangement and degenerative arthritis7• 8' 
9
• 
10
• 
11
• 
12
• 
13
. Internal derangement is defined as an abnormal positional and 
functional relationship among the disk, the mandibular condyle, and the articulating 
surfaces of the temporal bone2· 3 . 
A general classification scheme subgroups the various disk positional 
conditions as (1) Superior or 12 o'-clock ( normal ), (2) anterior, (3) anteromedial, 
(4) anterolateral, (5) medial, and (6) lateral. The functional aspects are (1) 
coordinated ( normal ), (2)disk displacement with reduction, and (3) disk 
displacement without reduction. The functional aspects of the disorder multiplied 
by the various combinations of anatomic disk derangement further challenge the 
radiologist's and the dentist's interpretive expertise. In conjunction with the above, 
the change in the morphology or configuration of the disk also need to be 
5 
'd d~o. 12, 14, 1s cons1 ere . 
Internal derangement is classically divided into three categories progressing 
trom least to most severe1• 16' 17 • These categories are (1) anterior displacement 
with reduction of the disk (ADFf), (2) anterior displacement without reduction of 
the disk (ADNFf), and (3) anterior displacement with perforation of the disk 
(ADpd). Frequently patients have a history typical of sequential progression from 
one category to the next. 
ADR usually causes joint noise (popping, clicking) with or without associated 
pain. The disk is displaced with the mouth closed and returns to normal position 
as the mouth opens and the click is heard. The click may occur during both 
opening and closing but is much louder during opening. The click is a result of 
friction between the posterior band of the disk and the condyle as they move in 
opposite directions and the disk returns to normal position relative to the condyle. 
The extent of mouth opening is normal in this category. 
ADNR occurs when the loss of elasticity is so great the disk is unable to 
return to a normal position relative to the condyle and it remains displaced anterior 
to it. The displaced disk forms a physical barrier to the condylar movement and 
there is limited anterior translation. The condyle continuously impacts on the 
innervated bilaminar zone and causes pain. Generally, these patients have limited 
b Abbreviation: ADR = anterior displacement with reduction. 
c Abbreviation: ADNR = anterior displacement without reduction. 
d Abbreviation: ADP = anterior displacement with perforation. 
6 
mouth opening ("closed lock"), with the midline of the mandible deviated to the 
abnormal side. Usually no joint noise is heard. 
Chronic disk displacement without reduction may lead to a perforated disk. 
The perforation usually is in the bilaminar zone but occasionally it is in the disk. 
These patients have pain and limitation of mouth opening. Paradoxically, mouth 
opening may be normal because of chronic stretching of the bilaminar zone. 
Degenerative joint disease generally occurs in those with a perforated disk when 
bone articulates with bone. Joint noise may be present. 
Pain in patients with internal derangement may occur directly over the TMJ 
or in the neck, ear, face, or head. Clicking of a TMJ may occur in patients without 
a displaced disk reducing to normal position18 • Similarly, restricted mouth opening 
may have numerous causes other than a displaced disk. Diagnostic imaging is 
very important to confirm a clinically suspected diagnosis, particularly because 
many disorders may cause similar symptoms. 
C. Radiographic imaging of the TMJ 
Dentists have been interested in the significance of the position of the 
mandibular condyle within the joint for more than 60 years. A variety of imaging 
techniques ( conventional radiography and tomography, CT', MR imaging, and 
arthrography) have been used to more clearly define the locus of the mandibular 
e Abbreviation: CT = computed tomography. 
1Abbreviation: MR = magnetic resonance. 
7 
condyle. The ideal imaging technique for diagnosing internal derangement should 
provide information about the status of the osseous structures, disk, and dynamic 
function. 
Conventional radiography is of limited value because only the osseous 
anatomy can be evaluated17' 19' 20• 21 . The abnormalities that can be seen with 
plain radiography and tomography in patients who have internal derangement are 
infrequent and nonspecific. Transcranial radiographs have a limited role as an 
inexpensive screening method. Positive findings observed on transcranial 
radiographs are those of degenerative joint disease, usually most prominent in the 
lateral third of the condylar head and limitation of condylar translation. The same 
findings of joint disease as depicted on transcranial radiographs are also visible on 
sagittal tomograms of the TMJ. The sensitivity of multidirectional tomography for 
changes due to degenerative joint disease is greater than that of plain 
radiograph/2. The major disadvantage of multi directional tomography is the high 
radiation dose. 
TMJ arthrography was pioneered by Norgaarcf3 in the mid 1940s, but it 
did not become popular until the late 1970s. There are several related methods of 
performing TMJ arthrograph/4• 25' a, 26 ' 27' 28' 29' 30 • The objective of TMJ 
arthotomography is to survey the joint space from medial to central to lateral in 
order to detect the type and degree of anatomic disk displacement. A major 
advantage of arthrography over other imaging modalities is that it allows an optimal 
assessment of the dynamic aspects of joint function and dysfunction. Despite the 
8 
high yieldof the diagnostic information from TMJ arthrography, the technique has 
some disadvantages. The disadvantages of arthrography are: (1) it involves 
substantial radiation dose in a predominantly young , female population; (2) it is 
an invasive procedure; (3) its successful performance requires training and 
experience; (4) it cannot accurately depict bone pathology; (5) it is probably less 
precise than MR imaging in demonstrating anatomic. positional abnormalities; (6) 
it cannot directly depict the soft-tissue components of the articulation. 
CT scanning of the TMJ enjoyed a great deal of success and interest soon 
after the development of TMJ arthrography partly due to its own rapid 
technological development and noninvasive nature31 ' 32, 33, 34 It requires 
some technical expertise, depending on whether the axial or direct sagittal 
technique is used, but both methods are highly accurate and easily learned. 
Regardless of which technique is used, the evaluation of the bony structures is 
best with CT scanning. CT scanning has decreased dramatically in the assessment 
of TMJ internal derangements since the advent of MR imaging with surface coils, 
because the soft-tissue contrast and anatomic detail on MR images is markedly 
superior to those obtained with CT. 
D. Magnetic resonance imaging of the TMJ 
MR imaging is a newer modality recentaly added to the medical diagnostic 
armamenntarium. MR imaginges are in some ways similar to computed 
tomographic scans, but because the physical processes underlying nuclear 
9 
magnetic resonance phenomena are entirely different from those related to x-rays, 
different kinds of information are contained in MR images. It is necessary to 
understand nuclear magnetic resonance phenomena in order to appreciate the 
implications of the images. 
When certain atomic nuclei are placed in a strong static magnetic field and 
stimulated by radio waves of a particular ferquency (an external RF9 
electromagnetic pulse), they will re-emit some of the absorbed energy in the form 
of radio signals; This phenomenon is known as nuclear magnetic resonance. 35' 
36
• 
37
• 
38
• 
39
• Resonance properties of materials were first discovered by two 
groups, one headed by Bloch at Stanforcf' and the other by Purcell at 
Harvarcf 1 in 1946. They used resonance absorption techniques to determine the 
nuclear magnetic moments and motion properties of molecules. In 1952, Bloch and 
Purcell received the Nobel prize in physics for their accomplishments. 
Most of MR images have been obtained with the resonances of hydrogen 
nuclei. The hydrogen is the most abundant element in the body. The human body 
is 75 percent water, each molecule of which has two hydrogen nuclei. Moreover, 
the distribution of water, together with that of various other samll hydrogen-rich 
molecules (for example lipids), is known to be altered by many disease states. 
Characteristic differences in concentration and resonance properties of the 
hydrogen nuclei result in strong contrasts in the image between the various 
tissues, as well as between lesions and normal tissue. The parasagittal view of the 
9 Abbreviation: RF = radio frequency. 
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MR images of the TMJ is a good example. The external auditory meatus appears 
as a relatively large black area. The condyle of the mandible is directly anterior to 
it. The central area of the condyle appears whi1e because of the fatty bone marrow 
within it. The periphery of the condyle is covered by articular cartilage and cortical 
bone. Both are relatively devoid of water, emit a low signal intensity, and appear 
black. The central area of the articular eminence also contains fatty bone marrow, 
so its image is also white. The perimeter of the articular eminence is covered by 
cartilage that appears balck. The muscles and bilaminar zone of the disk appear 
intermediate in intensity. The fibrocartilagenous disk produces a low signal intensity 
that appears balck. 
There are two strand of nuclear magnetic resonance's medical applications. 
One is spectroscopy and other is MR imaging. In 1971, Damadian reported 
differences in nuclear relaxation times of tumor and normal tissues42 • This finding 
was a significant step in development of MR imaging for clinical application. In 
1973, Lauterbur showed that nuclear magnetic resonance could produce cross 
sectional images of objects43 • The clinical applications of MR imaging are 
numerous. The literature contains articles on imaging of the brain, spinal cord, 
chest, breast, liver, pelvis and orthopedic applications. 
The technique of magnetic resonance(M R) imaging of the TMJ was 
pioneered by Helms and Richardson in 198~ who were the first to actually 
record MR imaging of the TMJ with a 0.5 Tesla MR system. They concluded that 
the spatial resolution of MR imaging was inferior to CT or arthrography. Early 
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attempts to image the TMJ were limited by the spatial resolution. Recent advances 
in MR imaging technology, specifically surface coil applications, have made this 
modality an excellent tool for studying the TMJ. Katzberg in 1985'45 used surface 
coils for MR imaging (1.5 Tesla MR system) of the TMJ. He described early 
experiences with this new technology and his results suggested remarkable 
imaging capabilities and faster image acquisition. Harms in 198s46 examined 67 
patients (115 joints) with MR imaging (1.5 Tesla MR system) using a surface coil. 
Findings from the MR examination were correlated with findings of conventional 
radiographic and clinical examinations. Surgical confirmation was available in 15 
patients. MR definition of soft tissue structures including the disk was superior to 
that of conventional imaging methods. Bony detail was comparable. Katzberg in 
1986"47 published a study of 42 subjects (five normal subjects and 37 patients; 76 
joints) who were evaluated using MR imaging (1.5 Tesla MR system) with a surface 
coil. A comparison with arthrography, CT and surgical findings demonstrated that 
MR imaging with a surface coil provided an accurate depiction of both normal and 
abnormal TMJs. The imaging potential of MR and its noninvasive characteristics 
justified further examination of MR as a useful modality in the diagnosis of TM 
disorders. Harms in 1986"48 carried out research with 454 TMJs of 240 patients 
using the surface coil technique with a 1.5 Tesla MR system. The images produced 
were correlated with arthrographic, tomographic, and surgical findings. He 
concluded that MR imaging was found to be more accurate than arthrography in 
demonstrating soft tissue changes. Improvements in imaging techniques now 
12 
provide excellent anatomical images of the TMJ. The superior soft tissue contrast 
of MR imaging means that not only can the position of the disk to be accurately 
ascertained, but the size and shape of the disk as well as its signal characteristics 
can be seen15 • Use of certain fast-scan techniques in conjunction with an 
automatic mouth-opening device makes a dynamic MR study possible49 • MR 
imaging (1.5 Telsa MR system) with surface coils is a proven method for the 
assessment of internal derangements of the TMJ and is rapidly surpassing 
arthrography and CT as the imaging method of choice50• 51 • 52• 53• 54• 55• 
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E. Methodology of condyle-disk-fossa quantifying relationships 
In most of the published literature, evaluation of the structure and function 
of the TMJ had been subjective and qualitative. There were a few studies which 
described methods for objective evaluation of the joint relationships. Ricketts57 , 
in 1950, published a method for making TMJ measurements from lateral 
radiographs as a means for determining joint bony relationships. Madsen58 , in 
1966, improved this system of the TMJ measurement. He used a joint baseline 
extending from the sequamotympanic fissure to the crest of the articular eminence. 
This line provided a reproducible "platform' from which measurements such as 
fossa height could be made. WeinberifS discussed practical and theoretical 
considerations in the study of the TMJ condyle·iossa relationships. He introduced 
photo-enlargement as a means of enhancing TM J measurement accuracy and the 
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use of a measurement template. From linear measurements of interarticular 
distances, the condylar position was expressed as a ratio or difference between 
anterior and posterior interarticular space, and also as a linear difference between 
the condyle and fossa midpoints. Blaschke60 , in 1981, argued for an area 
analysis of designated sectors of the joint space, in order to avoid variations in 
interarticular distance depending on the location of linear measurement. He used 
a quantitative method for measuring specific areas of the joints space (area 
measurement) in corrected lateral tomograms to determine condylar relationship. 
The condylar position was expressed as the ratio of posterior joints space area 
divided by the anterior joint space area. Recently, Pullinger et af1 . used corrected 
tomograms to compare the several different methods used to assess condylar 
position. They concluded that area analysis showed the least concordance with the 
subjective evaluation. Linear measurement of the subjective closest anterior and 
posterior interarticular space presented the greatest concordance, had low 
interobserver variation, and was considered clinically relevant to the functional 
thickness of the center of the articular disk. 
Most recently, Christianson and others62 (1987) described a method for 
measuring the linear joint space between the condyle and fossa in the computed 
tomograms of the TMJs. This method provided a three dimensional study of the 
TMJ morphology which was important in intern al deranged joints. Heffez and 
others63 (1988) described a method of relating the position of the disk to the 
temporal bone and condyle. The middle o1 the intermediate zone represented the 
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reference point of the disk. This method was applied to microscopic sections of 12 
human TMJs and then to 30 complete lateral corrected cephalometric 
arthotomographic studies of the TMJ. They found that the method described the 
disk relationships reliably. A widely employed method for estimating the condylar-
disk relationship was the use of the clock position of the posterior band. This 
viewed the condylar outline in terms of a face of a clock and described the 
posterior band location in terms of hours64 • -However, this method did not relate 
the disk to both the condyle and the eminence nor did it provide a quantitative 
method for describing the disk displacement. Gabler and others65 , in 1989, 
described a MR imagin analysis to study the disk-condylar relationships before and 
after arthroscopic surgery. This method used photo-enlargement (magnification 
between 8.0 to 8.5 times) of the middle sectional images of the MR imaging. 
Price66'67 , in 1990, described a method of quantifying disk movement on MR 
images of the TMJ. The movement in each compartment can be broken down in 
terms of linear and angular components. The relationship of the disk to condyle 
gave an indication of the presence and degree of disk displacement. The 
complexity of mandibular movement was simplified in this method by 
superimposing tracings. The static relationship of the disk could be displaied by 
superimposing on an apparently static mandible. The dynamic relationship of the 
disk could be demonstrated by superimposing the temporal bone, since the bony 
component was made to remaine stationary. 
The review of previous methodology demonstrates that most of studies 
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lacked the data to show the accuracy of methodology. Each studies had its 
particular definition and identified method of 1he TMJ landmarks. The linear 
measurements were more ferquently used in most of s1udies. The condyle-disk-
fossa relationships were static, dynamic, and 1hree dimensional. 
F. Dilemma of TMJ internal derangement studies 
• There are many studies which evaluate the condylar position in 
asymptomatic or symptomatic joints. In 1976, Markovic and Rosenberg68 
evaluated corrected axis tomograms in 100 TMJ symptomatic patients and found 
86 cases with bilateral concentric condyles. In 1978, Rokni and lsmaif9 ,using 
corrected axis tomograms to study condylar position in centric relation and centric 
occlusion , found that in asymptomatic patients the condyles were normally 
centered in the fossa. Farrar and Weinberg0' 71 ' 72 ' 73 suggested a close 
association between intracapsular disorders of the TMJ and posterior-superior 
displacement of the condylar head. In 1981, Blaschke and Blaschke74 used 
corrected axis tomograms to study 25 subjects (50 asymptomatic joints) and 
reported a wide variation in condylar position within the fossa in asymptomatic 
volunteers. In 1983, Williams75 used corrected laminagraphs to compare 20 
asymptomatic patients with 20 symptomatic patients. He found significant 
differences in the joint space between groups. In 1984, Mongini76 evaluated 129 
TMJ patients with transcranial and corrected axis tomographic radiographs and 
reported that one or both condyles were frequently displaced posteriorly in 91 
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patients (70%). Dumas77 used corrected axis tomograms to study patients with 
TMJ dysfunction. He reported a more posterior mean condylar position in 
symptomatic versus asymptomatic joints. In 1985, Pullinger et ai78 , using linear 
tomograms, studied condylar position in 46 asymptomatic young adults and found 
condylar concentricity in approximately 60% of the joints but with a wide range of 
variability. In 1987, Bean and Thomas79 • using lateral oblique transcranial 
radiograms, found little or no difference in joint space narrowing between 
asymptomatic and symptomatic patients. In 1987, Kircos et aF, using MR 
imaging, studied 42 joints in 21 asymptomatic volunteers and found MR images 
depicted anterior disk position in 32% of the asymptomatic joints. He suggested 
the prevalence of anterior disk positioning in asymptomatic subjects should be 
considered when evaluating TMJ dysfunction. Len.t1 , in a study similar to Kircos 
on 10 asymptomatic volunteers, reported that variation in condylar position was the 
significant finding. In 1988, Kozeniauskas and Ralph82 ,using bilateral 
arthrography to evaluate 20 unilateral symptomatic patients, reported 95% of both 
symptomatic and asymptomatic TMJs examined had arthrographic evidence of 
internal derangements. There was poor correlation between symptoms, clinical 
signs, and arthrograms. 
Most of the studies assumed that the right side joint and left side joint were 
equal. There are few studies which compared the condylar position of right and left 
sides. In 1980 , Aslanides83 , using angulated lateral laminagraphs to study 31 
normal patients, reported there was a significant difference in anterosuperior joint 
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space between right and left side joints. In 1983, Williams75 , in astudy similar to 
Aslanides, reported no diffewrences in the anterosuperior space but significance 
differences in the superior joint space. In 1987, Christianson et aF, using CT 
imaging studied 25 patients (41 joints; including symptomatic and asymptomatic 
patients), reported the side of the joint did not influence the position of the disk or 
condyle. 
Some studies discussed the condylar position differences between normal, 
ADR, and ADNR groups. In 1982, Westesson84 found posterior condylar position 
in only 18 of 45 patients who had an arthrographic diagnosis of anterior disk 
displacement. In 1983, Katzberg et aF5 evaluted condylar position using linear 
tomograms in centric occlusion, with the presence or absence of intracapsular 
disease as depicted by arthrotomography. Symptomatic patients who had no 
displacement of the disk showed no difference in condylar position when 
compared with patients diagnosed as having disk displacement without reduction. 
In 1987, Christianson et af2 , using CT imaging studied 25 patients, reported that 
wider anterosuperior space is strongly associated with anterior displacement of 
disk. In 1988, Ronquillo et af6 , studying 143 patients using the same linear 
measurement method as Katzberg, reported that there was a tendency for 
posterior condylar position to be found in patients with disk displacement with 
reduction, but not in asymptomatic normals or patients with disk displacement 
without reduction. In 1988, Heffez et af described a method for measuring 
displacement and reduction of the disk. The method was used with 30 corrected 
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axis arthrotomography of the TMJ. He found no difference in means between joints 
with ADA and joints with ADNR in closed position and between joints with a 
normal relationship and joints with ADA in the open position. In 1989, William87 , 
using corrected axis tomography and MR imaging diagnosis in 35 joints, reported 
that there was a correlation between decreased the mean superior joint space on 
tomography and MR imaging evidence of disk displacement and dislocation. In 
1989, Brancf8, using tomograms and arthrograms to study 243 patients, 
concluded that the position of the disk within the fossa was found to be extremely 
variable regardless of whether disk position relative to the condyle was normal or 
abnormal. 
This review of the TMJ studies demonstrate that many studies on the TMJ 
internal derangement and condylar position are inconclusive and some are 
contradictory. Part of the reason for this is due to the variability which exist in both 
normal and abnormal populations. 
CHAPTER II 
STATEMENT OF PROBLEM 
Researchers have been interested in the TMJ function, dysfunction, and the 
condylar position for more than 60 years but many of the studies are inconclusive. 
There are two reason for this: one is the lack of a sensitive method for evaluating 
the condyle-disk-fossa relationships and the other is the extremely wide variability 
within the normal and the abnormal populations. 
There are previous quantitative methods which have been used to determine 
condyle-disk-fossa relationships. However, they lack sensitivity. Without a TMJ 
measurement system in which sensitive quantitative data can be produced, subtle 
changes in condylar position may continue to remain beyond the discriminatory 
capabilities of even the most astute dentist or radiologist. In addition, quantification 
of condylar positional data may be critical for further clinical research advancement 
in fields dealing with TMJ bone and soft tissue relationships. 
The purpose of this study is to quantify the condyle-disk-fossa relationships 
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of the temporomandibular joints of 150 patients with symptoms of unilateral or 
bilateral internal derangement. A quantitative method of analysis was introduced 
and the reproducibility and accuracy of the method were tested stastistically. The 
method was applied to evaluate the condyle and disk position of the 150 patients' 
TMJ. Statistical comparisons were made between groups .. This study also 
determined statistically which measurements may best be used in diagnosis of 
internal derangement. This investigation of MR Imaging of TMJ is to establish a 
reference for diagnosis and to explore the pathological changes of the TMJ. 
CHAPTER Ill 
MATERIALS AND METHODS 
.. 
A. STUDY DESIGN 
In order to find out whether the diagnosis of TMJ internal derangement was 
related to the quantitative measurements of the MR imaging of the patients, a 
retrospective study MR imaging of a sample of patients with TMJ disorder was 
carried out. There were two major studies (four parts) to be carried out. Study A 
had one part. Part I was the study of the reliability of the landmark identification. 
Study B had three parts. Part II was the study of the reproducibility and relative 
accuracy of the methodology. Part Ill was the study of the correlation between 
quantitative measurements and radiologists MR image-reading. Part IV was the 
study of the clinical application of quantitative measurements to evaluate 
asymptomatic and symptomatic joints. 
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8. COMPUTER METHOD OVERVIEW 
The first object was to develop a system for computer-aided measurements 
of the distances and angles on the tracings of MR images (FIG.1). The primary 
reason for this system was to collect data for statistical analysis. This type of work 
was traditionally done manually with a ruler and a protractor. The manual method 
was error-prone and time-consuming. The computer-based method was much 
faster than the manual method and also kept the error to a minimum. 
The system had to be capable of measuring thr specific distances and 
angles necessarry for statistical analysis. The measurements could be done quickly 
with a minimum of difficulty and the results were automatically reported in tables. 
This tables can be imported into database, spreadsheet, and statistics programs 
for further analysis. 
The basic units of registration when the pictures were measured were the 
Cartesian coordinates (X and Y) of a single reference point together with its index 
number. Building on this information, constructive points could be defined and 
included with the points entered from the digitizer as a part of the raw data. The 
output values of the angles and distances were calculated from the coordinates of 
the reference points. This was done by specifying what points and output 
primitives were to be used for calculating each particular output value. 
The accuracy of the measurements was dependent on the physical 
characteristics of the digitizer, its cursor, and how accurately the points could be 
23 
identified. This in turn was governed by the picture being measured, and the skill 
of the person who performed the measurements. One way to increase the 
accuracy was to measure the same picture several times and then calculate the 
mean values for that picture by program e.g. a spreadsheet program. Using the 
HIPAD digitizer (Houston instrumenf, HIPAd Digitizer; resolution 0.2 mm) a 
narrow spread could be expected for repeated distance measurements. The 
accuracy of the angle measurements was also dependent on the distance between 
the points used to define the angle not being too short. 
Our system consisted of three programs, called Tools, Dentofacial 
planner89· 90 (Dentofacial Software Inc.I, Tools; Dentofacial Planner'<) and Lotus 
1-2-3'91• 92 (Lotus Development Co.1, Lotus 1-2-S11), and several files for 
prompt, measurement and calculation definitions. The Tools program was used to 
specifically define what is to be measured on each picture. The Dentofacial planner 
program used definitions to execute the measurements and presented the results. 
The spreadsheet software, Lotus 1-2-3, integrated the results with other databases 
and handled the raw data for the further analysis. 
hHouston Instrument, Austin, Texas. 
i HIPAD is a trademark of Houston Instrument. 
1 Dentofacial Software Inc. Toronto, Canada. 
kTools and Dentofacial Planner are trademarks o'f Dentofacial Software Inc. 
1 Lotus Development Co., Cambridge, MA.. 
mLotus and 1-2-3 are tradmarks of Lotus Development Co .. 
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Tools had two main purposes: it created files that stored the definitions of 
the identified points and the constructive points and the calculation specifications 
of the measurements. Dentofacial planner had two functions: it transfered digitized 
input into the data file and performed the actual measurements of the data file. 
Dentofacial planner was an accurate tool. Landmarks were located using precise 
digitizing devices. Measurements were calculated to the nearest 0.1 mm or 0.1 
degrees. 
The result was exported to the Lotus 1-2-3 and a large amount of 
information was also collected from different sources and entered separately into 
a spreadsheet, Lotus 1-2-3. The spreadsheet provided the raw data for statistical 
or other analysis. Two statistical procedures were carried out by computer. 
Descriptive statistics were performed with Lotus 1-2-3 software. Inferential statistics 
were done with statistical software GB-STAT 93' 94' 95' 96' 97 (Dynamic 
Microsystems, Inc.", GB-STAT'). 
"Dynamic Microsystems, Inc. Silver Spring, MD. 
0 GB-STAT is a trademark of Dynamic Microsystems, Inc. and The graphics within 
GB-STAT a copyrighted product of New England Software,lnc .. 
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Figure 1. System overview. The definition of measurments was made with the 
TOOLS program. The DENTOFACIAL PLANNER program used the definition to 
execuate the measurements. The LOTUS 1-2-3 integrated measurements and 
other sources into raw data. 
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RESULTS 
_g. STUDY A 
Part I. Reliability of landmark identification. 
<A> Sample and methods : 
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One TMJ MR image film with good quality was randomly _selected. The film 
was traced by the investigator every other day using a pre-designed translucent 
paper (FIG.2) (0.003 inch matte cellulose acetate) and a fine pencil (0.5 mm 
diameter). The total number of tracings was 30 times. 
Every tracing included six positions of the sagittal images of the joint. These 
six positions were closed medial(A), closed central(B), closed lateral(C), open 
medial(D), open central(E), and open lateral(F). The central section was 
determined by measuring the width from medial to lateral of the condyle of the film 
and dividing by two. The medial and lateral sections were one section's thickness 
away from the central section in either direction. 
There were 16 landmarks in each position; fourteen landmarks were 
identified by the investigator and two landmarks were constructed by the 
computer. The definition of each landmark was listed in TABLE A and illustrated 
in FIG.3 to FIG.6. Inputing the landmarks of the tracings into the computer was 
carried out by the investigator with a HIPAD digitizer (Houston instrument'1, HIPAd 
Digitizer). 
The x-y coordinate system was referenced to landmark 0 as origin and the 
edge of the film were the x axis and the y axis. lJsi ng this system the x and y 
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coordinates of each point's location was analyzed. The measurements were 
carried out by the computer with the custom-defined program (Dentofacial 
software lnc.i, Dentofacial Plannef). 
From this original data , the mean location and dispersion of each landmark 
was calculated by the computer software (Lotus Development Co.1, Lotus 1-2-JYI). 
Normalization of the original data was done with reference to each mean location 
of the landmarks as (0,0). A scattergram of each landmark was plotted. Estimating 
.. 
the identifying error of each landmark was done. The" IDENTIFYING ERROR" was 
the distance between each.individual point and the mean location of that particular 
landmark. 
< B > Statistical evaluation : 
(1) The descriptive statistics of the "IDENTIFYING ERROR" of each landmark 
in each position were calculated (total 90 procedures). The statistics included the 
means, medians, total standard deviation, interquartile range of the sample. The 
X and Y directional components of the total standard deviation. 
(2) The inferential statistics were also carried out by the computer software 
(Lotus Development Co.1, Lotus 1-2-JYI). A 95% confidence interval was used to 
estimate the mean of the" IDENTIFYING ERROR" population. A 95% confidence 
interval was a range of values bounded by a upper limit (mean+ 2.045SEM) and 
a lower limit (mean-2.045SEM). The interval was expected with 95 degree of 
confidence to contain the parameter (mean of the "IDENTIFYING ERROR" 
population). These confidence intervals were based on sampling distributions. 
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Figure 2. Pre-designed translucent paper. The cellulose acetate paper was 8" X 10" 
in size and 0.003" in thickness. The design was accurately plated on the paper by 
using an AutoSketch CAD program. Each paper had six boxs (3" X 3") and each 
box represented one position of the TMJ image. These six positions were closed 
medial(A), closed central(B), closed lateral(C), open medial(D), open central(E), 
and open lateral (F). 
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Table A. The definitions of the 16 landmarks of the TMJ MRI. 
TABLE A. The 16 LANDMARKS of the TMJ MRI 
Identified points : 
L 0. the right inner corner of the TMJ image border 
L 1. the most inferior contour of the articular eminence 
L 2. the anterosuperior point ofthe glenoid fossa 
-----a landmark located on anterior surface of glenold fossa with the visually 
det~rmined shortest distance between the condyle and the articular 
eminence 
L 3. the most superior point of the glenoid fossa 
L 4. the posterosuperior point of the glenoid fossa 
-----a landmark located on posterior surface of the glenoid fossa with the 
visually determined shortest distance between me condyle and the 
tympanic portion of the temporal bone 
L 5. the anterior tympanic wall of the temporal bone 
L 6. the most posterior point of the condylar surface 
L 7. the posterosuperior point of the condylar surface 
-----a landmark located on the condylar contour with the same property of 
the landmark 4 
L 8. the most superior point of the condylarsurface 
L 9. the anterosuperior point of the condylar surface 
-----a landmark located on the condylar contour with the same property of 
the landmark 2 
L 10. the most anterior point of the condylar surface 
L 11. the most anterior surface of the disk 
L 12. the most posterior surface of the disk 
L 13. center of the condylar head-I 
-----the center of best fit circule of the condylar head 
Constructed points : 
L 14. center of the condylar head-II 
-----the average point of L 6 and L 1 a 
L 15. center of the disk 
-----the average point of L 11 and L 12 
29 
30 
Figure 3. Closed mouth position the TMJ tracing. 
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Figure 4. Closed mouth position the TMJ landmarks. 
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Figure 5. Open mouth position the TMJ tracing. 
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Figure 6. Open mouth position the TMJ landmarks. 
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D. STUDY B 
SAMPLE SELECTION 
The criteria for selection of the subjects included in the study were as 
follows: (1) The patient had clinical signs and symptoms of TMJ internal 
derangements (i.e. clicking, popping, locking, pain).(2) The patient had no history 
of head and neck trauma.(3) The patient had no previous TMJ surgery.(4) The 
patient did not have signs of moderate to severe degenerative joint disease ( i.e. 
remodeling of condyle, spurring). 
A random sample of 150 patients was drawn from the patients who met the 
above criteria. Their MR imaging was performed at the Berwyn Magnetic 
Resonance Center' (Berwyn. Illinois). These 150 patients were subdivided into two 
groups. Sixty patients who met the above criteria and had only one symptomatic 
joint constituted group A. Ninety patients who me1 the above criteria and had both 
joints symptomatic constituted group B. 
INITIAL PROCEDURES 
The primary raw database was composed of three parts. They were the 
quantitative measurement database, the symptoms database, and the radiologists' 
impression database. Finally, the entire database was integrated into a 
spreadsheet (Lotus 1-2-3) for further evaluation. 
PBerwyn Magnetic Resonance Center, 3345 S. Oakpark Ave. Berwyn, II 60402. 
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<A> MR imaging 
MR Imaging was performed at the Berwyn Magnetic Resonance Center 
(Berwyn,lllinois) with a 1.5-T Signa MR system9s ( General Electric company'l) 
which used the body coil as the transmitter and the 6.5-cm-diameter surface coil 
as a receiver. The subject's head was immobilized in a rectangular headholder to 
which the coil was attached. The coil was placed adjacent to the subject's TMJ 
area. Relatively T1 weighted spin echo pluse sequences were obtained with 
repetition time 800 ms and echo time 20 ms. Parasagittal sections with 256 by 256 
matrices were used with a 12 cm field of view. Two sets of 3mm thick sections 
were obtained for each joint on the left and right sides; One set was taken with the 
mouth in closed position and one set in full-open mouth position. This provided 
coverage of the area with ten sections from medial to lateral. All sections used in 
the study were taken from the middle portion of the condyle. The central section 
was determined by measuring the width from medial to lateral of the condyle of the 
film and dividing by two. The medial and lateral sections were one section's 
thickness away from central section in ether direction. The images were taken at 
two excitations with acquisition time of 7 minutes in order to increase clearity of the 
image. 
< B > Quantitative measurement data 
The MR imagings of the patients of study sample B were processed through 
the following steps to calculate their quantitative measurements. 
qGeneral Electric Company, Milwaukee, Wisconsin .. 
r-: 
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(1) Six positions were used in this study. They included the lateral plane , 
central plane, and medial plane of the parasagittal images in closed and open 
mouth positions. 
(2) The structure of the TMJ in the six posi1ions was traced on a 11" x 8.5" 
translucent paper by the investigator with a pencil (diame1er 0.3 mm). 
(3) The investigator identified the 14 landmarks of each position three times 
and digitized the landmarks into the computer with a digitizer (Houston instrument, 
HIPAD digitizer). 
(4) For each input, the 15 measuremen1s of each position and total 90 
measurements were performed by using the custom-defined program (Dentofacial 
Software lnc.i, Dentofacial planner'<). The definitions of the 15 measurements in 
each position are listed in TABLE Band illustrated from FIG.7 to FIG.22. The 15 
measurements of each position were calculated and exported the results into 
spreadsheet (Lotus Development Co.', Lotus 1-2-S11) as a database of 
measurements which was a part of the raw da1a. 
< C > Anamnestic symptoms data 
The following clinical information was supplied by patients at their initial 
visited to the magnetic resonance center. The information included symptoms of 
which the patient complained. The common symp1oms were clicking, reciprocal 
clicking, crepitus, locking, limitation of movement, headache, TMJ pain, facial pain, 
muscle pain, and toothaches. All patients specified which side had symptoms. The 
information also listed previous treatment which included no treatment, splint 
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therapy, and others. The symptoms of each patient were inputed into the computer 
as one separated database which formed part of the raw data. 
According to Helkimo's Anamnestic dysfunction index (1974)99 , all patient's 
symptoms were divided to three categories: (1) AiO---denoted complete absence 
of subjective symptoms of dysfunction of the masticatory system (i.e. Symptoms 
mentioned under Ail and Aill ). (2) Ail---denoted mild symptoms such as 
temporomandibular joint sounds (clicking and crepitation) feeling of stiffness or 
fatigue of the jaws. (3) Aill---denoted severe symptoms of dysfunction. One or 
more of the following syll"!ptoms were reported in the anamnesis : difficulty in 
opening the mouth wide, locking, luxation, pain on movement, facial and jaw pain. 
< D > Radiologists' impression data 
The MR imaging radiologist's report was made by radiologists of the Berwyn 
MR imaging center. The radiologist's impression of each patient was inputed into 
the computer as another seperated database which was integrated with the other 
databases to become the primary raw data. The following radiologist's impression 
was ascribed to each joint of each patient : 
(1) normal (N) 
(2) internal derangement 
anterior disk displacement with reduction (ADA) 
anterior disk displacement without reduction (ADNR) 
anterior disk displacement with perforation (ADP) 
(3) others 
~-
Table 8. The definitions of the 15 measurements of the TMJ MRI. 
. . - _. . . - . ·. 
TABLE B. The 15 MEASUREMENTS of th~ TMJ MRI . 
. > (1}.JOINT SPACE { ( tl iJ•••·•·f ••·••·••·• •·•·•·••··••·•·•• J 
····a> lengt,h of the· articutar · erryinehce .slope( EMS L J · • ·· · · 
--..;.;.the a1stance from point L1 to point L3 ·· · · . 
... b. anterosuperior joipt space(AS JSJ .. ·.• . . 
• 
0
--the distance frprry point l2.to point •L9 
. .:~th~[~~~~g~n~:~~o~~ f.31o.point •[13 ••·••• . 
. ·· id.post~rosuperi()fjoin~ space{ PS.JS) •.••. 
.,--""'the distance from point L4. to point L7 
e. posterior joint space{ P JS ) . •·.·• ... ·. •• .. • .· 
---.:the distance from point LS to point L6 
(2) CON DYLE TQ. FOSSA RELA,.IONSHIP .••• · ..•••..•. ·. .•... • . . 
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The fqllow1ng me~suremEmts use the x..,y coordinate> system 
. designed .. by .. ·. using ttJ.e ~rti.cufar emin~l')ce.•and glencid .fossa as·.stable.•••• 
reference landmarks. . ·········.·... .. .. .. . . . . . .. .. . . . . f. Cofldyle superio(to fqssa YVla~e( CsFY) · 
----"Point LB to X-Y coordinate Y axis value . · 
·· ·9 .... '. C9nd.1yle superior to. f<;>§s.a X val!Je(. CsF •.X. ) 
--'.'.Point LB to X-Y coond1nate X axis value·•· 
. (3) DISK TO CON DYLE RELATIONSHIP .. · .. • · . . 
h. Disk posterior to cqndyle angle ( DpCA 1. • .. 
---~the angle between hne L 13L 12 and line Li 3L8 · ·· · . 
. L -§c~~ntJi~~~~~w~~Ne1~e~g:ig~~;!~0 disk posterior to •candyle 
----( DpC L) . . · · · 
----the distance between points. L12 and 1.,.6 projected on line L 1 L3 
·---L 12 in front of LB . is positive Value · •· •. .· · .. . · · 
_L.~ika~~7~eb~~~¢id1J~~ ~~~1~~~ ~nfut13l8 .. · · 
.,."'--( counferclockw1se 1s pos1t1ve value) > .• · • · 
k. X axis distance difference between .disk center to condyle 
===~~°df sta~ce between L 15 and L8 projected on li.ne. L 1 L3 
--~L 15 in frqnt of LB is positive· v~l.ue · ·· · · · 
(4) £?1SK TO r::O$SA RELATION$Hlf> ) . •·. ·•• 
...• I. Disk postenor to fossa Y value ( DpF Y) • • 
·····-···· Point L 12 to X-Y coordinate Y axis value . • 
m. Disk posterior to fossr:i Xvalue { OpFX). 
·--Point L12.toX-Y coord1nateX axis value .• ·.· 
n. Di~k center to fossay ,value. ( DgF>Y ) • • · 
··•-Point L 15 to X-"Y cootd1nate Y axis value · 
o .. Di~k posterior to fossa,. X value ( bcF · X) . 
----Point L 15 to x.,. Y coordinate X axis value 
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Figure 7. Length of articular eminence. 
3 
EMS L -
Distance f1om point 1 to point 3 
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Figure 8. Anterosuperior joint space. 
AS ..JS -
Distance f1om point 2 to point 9 
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Figure 9. Superior joint space. 
3 
8 
I ·.""-
S c.JS -
Distance from point 3 to point 8 
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Figure 10. Posterosuperior joint space. 
4 
\ 
PS ..JS -
Distance from point 4 to point 7 
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Figure 11. Posterior joint space. 
5 
P 0S -
Distance f1om point 5 to point 6 
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Figure 12. The X-Y coordinate system of measurement. 
3 
X - Y axis of TM0 imaging 
Figure 13. Condyle superior to fossa superior Y axis value. 
CsF Y -
Condyle superior to fossa Y axis 
distance 
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Figure 14. Condyle superior to fossa superior X axis value. 
x 
CsF X -
Condvle suoerlor to fossa X axis 
distance 
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Figure 15. Disk posterior to condyle angle. 
J\ 13 ) ~ 
OpC A -
Angle of points 8 - 13 - 12 
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Figure 16. X axis distance difference between disk posterior to condyle superior. 
x 
OpC L -
X axis distance difference 
between point 8 and point 12 
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Figure 17. Disk center to condyle angle . 
.. 
13 
OcC J'o.. -
Angle of points 8 - 13 - 15 
Figure 18. X axis distance difference between disk center to condyle superior. 
3 
x 
Dec L -
X axis distance difference 
between point 8 and point 15 
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Figure 19. Disk posterior to fossa superior Y axis value. 
OpF Y -
Disk poste1io1 to fossa Y axis 
distance 
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Figure 20. Disk posterior to fossa superior X axis value. 
x 
OpF X -
Disk posterior to fossa X axis 
distance 
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f'. 
Figure 21. Disk center to fossa superior Y axis value. 
EJ \ 
OcF Y -
y 
Disk center to fossa Y axis 
distance 
53 
Figure 22. Disk center to fossa superior X axis value. 
1 
x 
DcF X -
Disk center to fossa X axis 
distance 
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FURTHER PROCEDURES 
part 11. Reproducibility and relative accuracy of methodology 
<A> Sample and methods : 
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The sample was selected from the study sample B. The sample fit the 
requirements that the joint was asymptomatic and MR image-reading was "normal". 
The sample consisted of 37 joints. The raw data were the measurements of~ 
.i.ru2J.ll of the selected sample repeated three times. 
< B > Statistical evaluation : 
(1) A repeated measure one way ANOVA was carried out to test the 
difference among the means of three repeated inputs (combined 37 joints). A total 
90 statistical procedures was done for the 15 measurements of the six positions. 
(2) Comparison of the variation between samples and the variation of the 
methodology was also done. The variation between samples was represented by 
the value of the mean squares of between-subject in the ANOVA summary table. 
The variation of the methodology was represented by the value of the mean 
squares of within-subject in the ANOVA summary table. 
(3) Comparison between the reliability of the three repeated inputs and the 
reliability of one input calculated from the ANOVA was also included. The reliability 
was represented by the intraclass correlation (ICC)100 for metric data. 
Part Ill. Correlation between measurements and radiologists' impression 
<A> Sample and methods : 
Two hundred and ninety five joints were selected which fit the requirement 
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tor study sample B : either normal, ADA, or ADNA according to the radiologists' 
impression. The sample size of each group was 93 normal joints, 115 ADA joints, 
and 87 ADNA joints. The raw data was the average of the data from the three 
inputs for each joint. 
< B > Statistical evaluation : 
(1) Descriptive statistics of each group included the mean, standard 
deviation (SD), estimated standard error of mean (SEM) for each measurement in 
each of the six positions. 
(2) One way ANOVA of each measurement was used to test the difference 
among the means of normal, ADA, and ADNA groups (combined right side and 
left side). A total 90 statistical procedures was done for the 15 measurements of 
the six positions. 
(3) When the one way ANOVA was found significant, multiple comparisons 
were performed to locate the difference between the means of normal, ADA, and 
ADNA groups. 
Part IV. Clinical application to evaluate asymptomatic and symptomatic joints 
<A> Sample and methods : 
All the 300 joints in study sample B were included. These joints were divided 
into five groups according symptoms of both joints of the same patient. The 
sample size of each group was (a) 60 asymptomatic joints of unilateral 
symptomatic patients, (b) 60 symptomatic joints of unilateral symptomatic patients, 
(c) 180 symptomatic joints of bilateral symptomatic patients, (d) 90 right side joints 
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of bilateral symptomatic patients, and (e) 90 left side joints of bilateral symptomatic 
patients. The raw data was the average of the data of the three inputs for each 
joint. 
< B > Statistical evaluation : 
(1) Descriptive statistics of each group included the mean, standard 
deviation (SD), estimated standard error of mean (SEM) for each measurement in 
each of the positions. 
(2) Paired student's t-test of each measurement in six positions were used 
to test the difference between symptomatic and asymptomatic joints in the same 
patient (unilateral symptomatic patients), i.e. group (a) vs. group (b). A total 90 
statistical procedures was done for the 15 measurements of the six positions. }{ 
Paired student's t-test of each measurement in six positions were used to test the 
difference between right side and left side symptomatic joints in the same patient 
(bilateral symptomatic patients), i.e. group (d) vs. group (e). A total 90 statistical 
procedures was done for the 15 measurements of the six positions. 
(4) Independent student's t-test of each measurement in six positions were 
used to test the differences between the means of unilateral symptomatic patients' 
symptomatic joints and bilateral symptomatic patients' symptomatic joints 
(combined right side and left side of all patients), i.e. group (b) vs. group (c). A 
total 90 statistical procedures was done for the 15 measurements of the six 
positions. 
CHAPTER IV 
RESULTS 
A. Part I. Reliability of landmark identification 
The mean location of all thirty repeated points of this particular selected 
landmark with error bars (one standard deviation in x and y direction) was plotted 
by the computer. There were six figures and each figure represented one position 
of the TMJ image. These six positions were closed medial(A), closed central(B), 
closed lateral(C), open medial(D), open central(E), and open lateral(F)(FIG.23 to 
FIG.28). From these figures we could evaluate the relative location of the 15 
landmarks in this particular case. One interested finding was that the landmark 13 
(the center of best fitted circle of the condyle) is close to landmark 14 (middle point 
of anterior and posterior of condyle) in both closed and open jaw positions. 
Using the computer, a scattergram was generated automatically from the 
normalization of original data. The mean location of all thirty repeated points of 
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each landmark was used as the reference for the origin (0,0) of the scattergram. 
Each landmark had six scattergrams and each scattergram represented one 
position of the TMJ image. These six positions were closed medial(A), closed 
central(B), closed lateral(C), open medial(D), open central(E), and open lateral(F). 
(FIG.29 to FIG.43). The scale of each cell represented 0.5 mm. Total grid of x or 
y axis was 2.0 mm. From the scattergram we can see the actual distribution of 
each landmark. Each landmark has its own characteristic shape and magnitude 
of variation. With respect to shape, the landmark 1, the landmark 3 and the 
landmark 8 are larger in horizontal direction than in vertical direction of distribution. 
The landmark 6 and the landmark 10 are larger in vertical direction than in 
horizontal direction of distribution. With respect to magnitude the landmark 11 and 
the landmark 12 are larger in both direction of distribution. 
Sample distributions of the "IDENTIFYING ERROR" of the 15 landmarks 
were tabulated in TABLE 1-A. The columns arranged from the first landmark (L 1) 
to the 15th landmark (L 15) and the rows arranged in six positions from closed 
medial (A) to open lateral (F). Each position had five lines. Examination of the 
scattergram revealed that the distributions of most landmarks vary in the x and y 
directions. For this reason, the horizontal and vertical components of the total 
variance for each landmark were isolated. The separated standard deviations in the 
horizontal and the vertical directions were shown in line 1 (SDx) and line 2 (SDy). 
Line 3 listed the total standard deviation (SD) of the sample. Line 4 listed the mean 
of the sample. Line 5 listed the median of the sample. 
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The estimation of the mean of the population ("IDENTIFYING ERROR") 
was tabulated In TABLE 1-8. The lower limit of a 95% confidence interval was the 
mean of the sample subtract 2SEM. The upper limit was the mean of the sample 
plus 2SEM. This approximated interval was expected, with 95% confidence, to 
contain the mean of the population. The majority of the 95% con.fidence interval of 
each landmark contained 0.5 mm. If the approximated confidence interval did not 
include 0.5 mm the sample was 5% by chance. 
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Figure 23. The distribution of TMJ landmarks in closed medial position. 
Closed medial position(A) TMJ landmarks 
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Figure 24. The distribution of TMJ landmarks in closed central position. 
Closed central position(B) TM.J landmarks 
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Figure 25. The distribution of TMJ landmarks in closed lateral position. 
Closed lateral position(C) TMJ landmarks 
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Figure 26. The distribution of TMJ landmarks in open medial position: 
Open medial position(O) TMJ landmarks 
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Figure 27. The distribution of TMJ landmarks in open central position. 
Open central position(E) TMJ landmarks 
rrm 
3 
4 
55 ~ + 12 + 
2 
!Ii ffi ~ ~tII 8 
5 
50 I-
15 
9 ~ 
14 7 ffi j f ~ 10 13 
11 6 
45 ..._,__,__..__,__,__1..__,__,__,__..__1..__..__..__.._.._1_,_..__,__.__..__1_,__.__.__...___. 
35 40 45 50 55 60 mm 
Mean with one SD (N=30) of 1 5 landmarks: Landmark 0 as origin 
I 
66 
Figure 28. The distribution of TMJ landmarks in open lateral position. 
Open lateral position(F) TMJ landmarks 
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Figure 29. Scattergrams of landmark 1. 
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Figure 30. Scattergrams of landmark 2. 
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Figure 31. Scattergrams of landmark 3. 
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Figure 32. Scattergrams of landmark 4. 
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Figure 33. Scattergrams of landmark 5. 
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Figure 34. Scattergrams of landmark 6. 
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Figure 35. Scattergrams of landmark 7. 
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Figure 36. Scattergrams of landmark 8. 
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Figure 37. Scattergrams of landmark 9. 
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Figure 38. Scattergrams of landmark 10. 
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Figure 39. Scattergrams of landmark 11. 
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Figure 40. Scattergrams of landmark 12. 
A POINT A12 D POINT 012 
u 
a a II D 
-u---rr u "' u 
u 
D D a D 
D a ll DD kl 
u u uu 
D a a 11 a 8 D II 
D D 
IU u u ~ 
a 
-1 -1 D 
-1.5 -1.5 
-2 -2 
-2 -1 -2 -1 
B POINT 812 E POINT E12 
1.5 1.5 
c 
.. 
a D 
IJ 
DIJ D ~5 
a D 
" a 
D "8 B ' 1:1 a 
a a a 
' 
a 
a 
DD 
D B ' 
D a 
a 
-1 -1 
D 
-1.5 
_,.. 
-2 -2 
-2 -1 -2 -1 
c POINT C12 F POINT F12 
1.5 1.5 
D 
D a a 
a a 
n n 
~5 
a 
a D DD D 
D D D 
a n 
D aa [ a 
a 
: I B 
re 
D C D 
D D ft 
u 
a 
a 
D D 
-1 -1 
-1.5 -1.5 
-2 -2 
-2 -1 -2 -1 
79 
Figure 41. Scattergrams of landmark 13. 
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Figure 42. Scattergrams of landmark 14. 
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Figure 43. Scattergrams of landmark 15. 
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Table I-A. Sample distribution of the "ERROR" of MRI TMJ landmarks identification. 
LANDMARKS 
L1 L2 L3 L4 L5 L6 L7 l8 L9 L10 
A SDx 0.6 0.4 0.6 0.6 0.4 0.3 0.4 0.4 0.3 0.2 
SDy 0.4 0.4 0.3 0.5 0.5 0.5 0.5 0.3 0.4 0.4 
SD 0.3 0.2 0.3 0.4 0.3 0.2 0.3 0.3 0.2 0.3 
IQR 0.3 0.4 0.6 0.6 0.4 0.4 0.5 0.3 0.3 0.4 
Mean 0.5 0.4 0.5 0.6 0.5 0.5 0.5 0.5 0.5 0.4 
Median 0.5 0.5 0.5 0.6 0.5 0.5 0.5 0.4 0.5 0.3 
B SDx 0.5 0.3 0.4 0.4 0.3 0.3 0.3 0.4 0.3 0.3 
SDy 0.3 0.3 0.3 0.3 0.4 0.4 0.3 0.3 0.3 0.4 
SD 0.3 0.2 0.2 0.3 0.3 0.2 0.2 0.3 0.3 0.3 
IQR 0.5 0.3 0.5 0.5 0.3 0.3 0.3 0.4 0.3 0.4 
Mean 0.5 0.4 0.5 0.5 0.4 0.4 0.5 0.4 0.5 0.5 
Median 0.5 0.4 0.5 0.4 0.4 0.4 0.5 0.3 0.5 0.6 
C SDx 0.6 0.4 0.5 0.3 0.5 0.5 0.3 0.4 0.3 0.3 
SDy 0.3 0.3 0.6 0.3 0.5 0.9 0.4 0.3 0.3 0.8 
SD 0.4 0.2 0.3 0.2 0.3 0.4 0.3 0.2 0.2 0.4 
IQR 0.3 0.2 0.6 0.3 0.5 0.6 0.4 0.4 0.3 0.4 
Mean 0.6 0.5 0.7 0.4 0.6 0.9 0.4 0.4 0.4 0.7 
Median 0.4 0.4 0.7 0.3 0.5 0.9 0.3 0.4 0.4 0.7 
0 SDx 0.4 0.4 0.5 0.6 0.3 0.3 0.3 0.4 0.3 0.2 
SDy 0.3 0.4 0.4 0.7 0.4 0.5 0.3 0.3 0.3 0.5 
SD 0.2 0.3 0.3 0.6 0.2 0.2 0.2 0.3 0.2 0.3 
IQR 0.3 0.4 0.5 0.6 0.3 0.2 0.3 0.4 0.4 0.5 
Mean 0.4 0.5 0.5 0.7 0.4 0.5 0.4 0.4 0.4 0.4 
Median 0.4 0.4 0.3 0.5 0.4 0.4 0.4 0.3 0.4 0.3 
E SDx 0.6 0.3 0.5 0.4 0.2 0.3 0.3 0.4 0.3 0.3 
SDy 0.3 0.3 0.3 0.5 0.2 0.5 0.3 0.3 0.3 0.4 
SD 0.3 0.2 0.3 0.3 0.2 0.3 0.2 0.2 0.2 0.2 
IQR 0.4 0.3 0.3 0.4 0.3 0.4 0.3 0.4 0.3 0.3 
Mean 0.5 0.4 0.6 0.6 0.3 0.5 0.4 0.4 0.4 0.4 
Median 0.6 0.4 0.5 0.5 0.3 0.4 0.4 0.4 0.3 0.4 
F SDx 0.5 0.4 0.7 0.3 0.4 0.4 0.4 0.4 0.4 0.3 
SDy 0.3 0.3 0.4 0.4 0.3 0.4 0.4 0.3 0.3 0.6 
SD 0.3 0.2 0.4 0.2 0.2 0.3 0.2 0.2 0.2 0.3 
IQR 0.4 0.3 0.6 0.3 0.2 0.3 0.4 0.4 0.3 0.4 
Mean 0.5 0.4 0.7 0.4 0.4 0.5 0.4 0.4 0.4 0.5 
Median 0.5 0.3 0.7 0.4 0.4 0.5 0.4 0.4 0.4 0.5 
MEASURES: 
SDx =Standard deviation of the error in horizontal·direction 
SOy = Standard deviation of the error in vertical direction 
SO = Standard deviation of the total error 
IQR = Interquartile range of the total error 
Mean = Mean of the total error 
Median = Median of the total error 
L11 L12 L13 L14 L15 
0.4 0.5 0.3 0.3 0.3 
0.5 0.4 0.4 0.4 0.4 
0.3 0.3 0.2 0.2 0.3 
0.3 0.4 0.4 0.3 0.3 
0.6 0.6 0.4 0.4 0.4 
0.5 0.5 0.4 0.4 0.4 
0.4 0.4 0.3 0.2 0.2 
0.4 0.4 0.3 0.3 0.3 
0.3 0.2 0.3 0.2 0.2 
0.5 0.4 0.3 0.3 0.3 
0.5 0.5 0.5 0.5 0.3 
0.4 0.6 0.4 0.4 0.3 
0.4 0.4 0.3 0.4 0.4 
0.6 0.5 0.5 0.6 0.4 
0.4 0.3 0.3 0.4 0.3 
0.5 0.6 0.5 0.6 0.2 
0.6 0.5 0.5 0.6 0.4 
0.6 0.5 0.5 0.6 0.4 
0.4 0.5 0.3 0.2 0.3 
0.4 0.5 0.4 0.4 0.4 
0.3 0.3 0.2 0.2 0.2 
0.5 0.5 0.3 0.2 0.4 
0.5 0.6 0.4 0.4 0.4 
0.4 0.6 0.4 0.3 0.4 
0.4 0.6 0.3 0.2 0.4 
0.4 0.4 0.2 0.4 0.3 
0.3 0.5 0.2 0.2 0.3 
0.5 0.3 0.2 0.3 0.3 
0.5 0.5 0.3 0.4 0.4 
0.4 0.4 0.3 0.3 0.3 
0.5 0.4 0.3 0.3 0.3 
0.7 0.5 0.3 0.4 0.3 
0.3 0.3 0.2 0.2 0.2 
0.5 0.4 0.2 0.2 0.4 
0.7 0.6 0.4 0.4 0.4 
0.7 0.6 0.4 0.4 0.4 
POSITION: 
A= closed medial 
B= closed central 
C= closed lateral 
D= open medial 
E= open central 
F= open lateral 
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Table 1-8. Estimation of Mean of the "ERROR" population, 95% confidence interval. 
LANDMARKS 
L1 L2 L3 L4 L5 
A UL 0.6 0.5 0.7 0.8 0.6 
LL 0.4 0.3 0.4 0.5 0.4 
SD 0.3 0.2 0.3 0.4 0.3 
2aSEM 0.1 0.1 0.1 0.1 0.1 
Mean 0.5 0.4 0.5 0.6 0.5 
B UL 0.6 0.5 0.6 0.7 0.5 
LL 0.4 0.3 0.4 0.4 0.3 
SD 0.3 0.2 0.2 0.3 0.3 
2aSEM 0.1 0.1 0.1 0.1 0.1 
Mean 0.5 0.4 0.5 0.5 0.4 
C UL 0.7 0.5 0.8 0.5 0.7 
LL 0.4 0.4 0.5 0.3 0.5 
SD 0.4 0.2 0.3 0.2 0.3 
2aSEM 0.2 0.1 0.1 0.1 0.1 
Mean 0.6 0.5 0.7 0.4 0.6 
0 UL 0.5 0.6 0.6 0.9 0.5 
LL 0.3 0.4 0.4 0.4 0.3 
SD 0.2 0.3 0.3 0.6 0.2 
2aSEM 0.1 0.1 0.1 0.2 0.1 
Mean 0.4 0.5 0.5 0.7 0.4 
E UL 0.6 0.5 0.7 0.7 0.4 
LL 0.5 0.3 0.5 0.4 0.2 
SD 0.3 0.2 0.3 0.3 0.2 
2aSEM 0.1 0.1 0.1 0.1 0.1 
Mean 0.5 0.4 0.6 0.6 0.3 
F UL 0.6 0.5 0.8 0.5 0.5 
LL 0.4 0.3 0.5 0.4 0.4 
SD 0.3 0.2 0.4 0.2 0.2 
2aSEM 0.1 0.1 0.1 0.1 0.1 
Mean 0.5 0.4 0.7 0.4 0.4 
MEASURES: 
UL= upper limU= mean + 2SEM 
LL= lower limit= mean - 2SEM 
L6 
0.6 
0.4 
0.2 
0.1 
0.5 
0.5 
0.4 
0.2 
0.1 
0.4 
1.1 
0.8 
0.4 
0.2 
0.9 
0.6 
0.4 
0.2 
0.1 
0.5 
0.6 
0.4 
0.3 
0.1 
0.5 
0.6 
0.4 
0.3 
0.1 
0.5 
SD= standard deviation for total error 
L7 L8 
0.6 0.6 
0.4 0.4 
0.3 0.3 
0.1 0.1 
0.5 0.5 
0.6 0.5 
0.4 0.3 
0.2 0.3 
0.1 0.1 
0.5 0.4 
0.5 0.5 
0.3 0.4 
0.3 0.2 
0.1 0.1 
0.4 0.4 
0.5 0.5 
0.3 0.3 
0.2 0.3 
0.1 0.1 
0.4 0.4 
0.5 0.5 
0.3 0.3 
0.2 0.2 
0.1 0.1 
0.4 0.4 
0.5 0.5 
0.4 0.4 
0.2 0.2 
0.1 0.1 
0.4 0.4 
2aSEM= two approximate standard error of mean 
Mean= mean of the total error 
L9 
0.6 
0.4 
0.2 
0.1 
0.5 
0.6 
0.4 
0.3 
0.1 
0.5 
0.5 
0.3 
0.2 
0.1 
0.4 
0.5 
0.3 
0.2 
0.1 
0.4 
0.4 
0.3 
0.2 
0.1 
0.4 
0.5 
0.3 
0.2 
0.1 
0.4 
L10 
0.5 
0.3 
0.3 
0.1 
0.4 
0.7 
0.4 
0.3 
0.1 
0.5 
0.9 
0.6 
0.4 
0.1 
0.7 
0.5 
0.3 
0.3 
0.1 
0.4 
0.5 
0.3 
0.2 
0.1 
0.4 
0.7 
0.4 
0.3 
0.1 
0.5 
L11 L12 L13 L14 
0.7 0.7 0.5 0.5 
0.4 0.5 0.3 0.3 
0.3 0.3 0.2 0.2 
0.1 0.1 0.1 0.1 
0.6 0.6 0.4 0.4 
0.6 0.6 0.6 0.5 
0.4 0.4 0.3 0.4 
0.3 0.2 0.3 0.2 
0.1 0.1 0.1 0.1 
0.5 0.5 0.5 0.5 
0.7 0.6 0.6 0.7 
0.5 0.4 0.4 0.5 
0.4 0.3 0.3 0.4 
0.1 0.1 0.1 0.1 
0.6 0.5 0.5 0.6 
0.6 0.7 0.5 0.5 
0.4 0.5 0.4 0.3 
0.3 0.3 0.2 0.2 
0.1 0.1 0.1 0.1 
0.5 0.6 0.4 0.4 
0.6 0.7 0.4 0.4 
0.3 0.4 0.3 0.3 
0.3 0.5 0.2 0.2 
0.1 0.2 0.1 0.1 
0.5 0.5 0.3 0.4 
0.9 0.7 0.5 0.5 
0.6 0.5 0.3 0.3 
0.3 0.3 0.2 0.2 
0.1 0.1 0.1 0.1 
0.7 0.6 0.4 0.4 
POSITION: 
A= closed medial 
B = closed central 
C = closed lateral 
O = open medial 
E = open central 
F = open lateral 
L15 
0.5 
0.3 
0.3 
0.1 
0.4 
0.4 
0.3 
0.2 
0.1 
0.3 
0.5 
0.3 
0.3 
0.1 
0.4 
0.5 
0.3 
0.2 
0.1 
0.4 
0.5 
0.3 
0.3 
0.1 
0.4 
0.5 
0.3 
0.2 
0.1 
0.4 
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B. Sample distribution of study B 
TABLE 11 ls the summary of study Bs sample distribution. Table II part 
I shows the distribution of the sample by age, sex, and pretreatment status. The 
total number of subjects was 150. The number of patients in group A was 60 and 
in group B was 90. Twenty five patients were male and 125 patients were female. 
The age ranged from 14 years old to 75 years old. The average age was 29 years 
and 7 months. Seventy nine patients were without prior treatment and 62 patients 
had splint therapy. Table II part II was the distribution of the sample joints 
according to Helkimo's anamnestic dysfunction index. It showed that 60 joints were 
Helkimo's index AiO, 15 joints were Helkimo's index Ail, and 225 joints were 
Helkimo's index Aill. Because the index Ail sample size was small, the subjective 
symptoms of each joint were divided into two categories, symptomatic(Ail and Aill) 
or asymptomatic( AiO), in the study part IV. Table II part Ill was the distribution of 
the sample joints according to symptom and MR image-reading. It showed that the 
MR image-reading was "normal" in 93 joints, the MR image-reading was ADR in 
115 joints, the MR image-reading was ADNR in 87 joints. Five joints had their 
imaging-readings other than "normal", "ADR" ,and "ADNR". In the study part Ill, these 
five joints were excluded from the study B sample. 
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Table II. The sample distribution of study B 
I. Sample size by age ,sex ,and pretreatment. 
No. of I SEX I AGE I Pretreatment 
Obs. I Men I Women! Range !Average !No Tx I Splint I Others 
Group A 60 14 46 15Y - 75Y 30Y10M 31 23 6 
Group B 90 11 79 14Y - 54Y 28Y9M 48 39 3 
Total 150 25 125 14Y - 75Y 29Y7M 79 62 9 
II. Sample joints size by Helkimo's anamnestic dysfunction index. 
Helkimo's Index TOTAL 
AiO I Ail I Aill 
Group A 60 6 54 120 
Group B 0 9 171 180 
TOTAL 60 15 225 300 
Ill. Sample joints size by symptom and MRI-reading. 
MRI-readings 
Normal! ADA I ADNR !ADP !Others TOTAL 
Group A Asymp. 37 13 8 0 2 60 
Group A symp. 7 21 31 0 1 60 
Group B symp. 49 81 48 0 2 180 
TOTAL 93 115 87 0 5 300 
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c. Part II. Reproducibility and relative accuracy of methodology 
A repeated measure analysis of variance specifically tested the significance 
of the differences in measurement between the three sets of inputs. This was in 
essence a test of the reproducibility of the methodology. TABLE Ill showed the 
p-value of repeated measure ANOVA of all the 90 measurements. The columns 
represented six positions from closed medial(A) to open lateral(F) and the rows 
represented 15 measurements from the first measurement (a) to the 15th 
measurement (o). It was found that 83 measurements of all the 90 measurements 
(92%) were not significantly different at the 95% level of significance. The three 
tracing of the 37 TMJs showed nearly identical value in the 90 measurements. The 
reproducibility of the methodology was high. 
An intraclass correlation coefficient, commonly used in statistics to measure 
reliability of a procedure or experiment, was generated from the data of repeated 
measure ANOV A. Two separate intraclass correlations were calculated for 
comparative purposes. One (r3) measured the reliability of the measured mean 
produced by three inputs per joint; the other (r1) in effect measured the reliability 
of the measured mean, if only one input are used for each joint studied. The 
numerical difference between r3 and r1 aided in assessing the practical effect of 
using three vs. only one input of each point for the purpose of reliably determining 
the measurement. TABLE VI showed the value of r3 and r1 of all 90 
measurements. The columns represented six positions from closed medial (A) to 
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open lateral (F) and the rows represented 15 measurements from the first 
measurement (a) to the 15th measurement. Basically, the r3 value was always 
larger than the r1 value. It meant that method reliability was gained from the 
second and third input efforts. The majority of the correlation coefficients showed 
moderate to high-correlations. 
The within-subject variation was the measures of spread between the three 
inp1s1ts (averaged the 37 case series). Since the clinical importance of our resultant 
variation could not easily be assessed on an absolute scale, it was compared to 
the variation which occurred between individual TMJs in the study, i.e., the 
between-subject variation. This comparison of variations then served as a gauge 
of the relative accuracy of the measurement. TABLES IV and V showed the 
value of the mean squares ( M.S.) of between-subject and within-subject and 
the ratio ( M.S.between-subject / M.S.within-subject) in closed and open mouth 
positions. The columns represented three positions of closed mouth (A, B, and 
C) in table IV and open mouth (D, E, and F) in table V. The rows represented the 
15 measurements in both table. The range of the ratios was from high of 478.1 to 
low of 3.0. The relative accuracy varied with different measurement. The ratios in 
the open mouth positions were larger than their counterparts in the closed mouth 
positions. The changes were due to more increased variance in the between-
subject than those in within-subject. 
88 
Table Ill. P-value of repeated measure ANOVA. Comparison of the means of 
measurements between three inputs of the 37 asymptomatic and normal joints. 
A B c D E F 
a 0.583 0.561 0.638 0.935 0.125 0.451 
b 0.034 ,. 0.921 0.012 ,. 0.996 0.304 0.655 
c 0.317 0.609 0.699 0.364 0.021 ,. 0.045 ,. 
d 0.763 0.981 0.996 0.921 0.501 0.292 
e 0.722 0.573 0.825 0.354 0.147 0.328 
f 0.299 0.918 0.875 0.367 0.289 0.652 
g 0.989 0.833 0.391 0.288 0.021 ,. 0.049 ,. 
h 0.635 0.594 0.424 0.794 0.707 0.349 
i 0.716 0.812 0.333 0.287 0.278 0.825 
j 0.784 0.619 0.754 0.564 0.778 0.415 
k 0.969 0.431 0.426 0.188 0.799 0.703 
I 0.519 0.722 0.209 0.101 0.918 0.142 
m 0.712 0.724 0.568 0.711 0.205 0.123 
n 0.194 0.826 0.298 0.675 0.509 0.203 
0 0.972 0.568 0.701 0.825 0.037 ,. 0.112 
* =Statistically Significant (significant level= 0.05) 
MEASURES: POSITION: 
a= EMS L f = CsFY h= DpCA I= OpFY A= closed medial 
b= ASJS 9= CsFX i= DpCL m= OpFX B= closed centrat 
C= SJS j= OcCA O= OcFY C= closed lateral 
d= PSJS k= DcC L O= OcFX 0= open medial 
e= PJS E= open central 
F= open lateral 
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Table IV. Comparison of intraclass correlation coefficients between the reliability of 
three tracings (r3) and the reliability of one tracing (r1 ). 
A 8 c 0 E F 
a r3 0.98 0.97 0.96 0.98 0.98 0.98 
r1 0.94 0.92 0.89 0.94 0.94 0.95 
b r3 0.91 0.89 0.92 0.89 0.75 0.66 
r1 0.76 0.74 0.80 0.72 0.50 0.39 
c r3 0.92 0.96 0.93 0.99 0.99 0.99 
r1 0.80 0.88 0.82 0.98 0.98 0.98 
d r3 0.93 0.86 0.91 0.99 0.99 1.00 
r1 0.83 0.67 0.76 0.98 0.99 0.99 
e r3 0.97 0.92 0.97 1.00 1.00 1.00 
r1 0.90 0.80 0.92 0.99 0.99 0.99 
f r3 0.87 0.93 0.88 0.99 0.99 0.99 
r1 0.70 0.82 0.71 0.98 0.98 0.97 
g r3 0.91 0.85 0.86 0.99 0.99 0.99 
r1 0.76 0.66 0.67 0.97 0.98 0.98 
h r3 0.92 0.84 0.80 0.97 0.79 0.98 
r1 0.80 0.64 0.58 0.93 0.56 0.94 
i r3 0.96 0.92 0.80 0.98 0.95 0.96 
r1 0.89 0.79 0.57 0.93 0.87 0.89 
j r3 0.92 0.91 0.93 0.99 0.99 0.99 
r1 0.79 0.77 0.81 0.96 0.97 0.96 
k r3 0.97 0.67 0.98 0.99 0.98 0.97 
r1 0.93 0.40 0.94 0.96 0.94 0.92 
t r3 0.81 0.84 0.73 0.95 0.97 0.98 
r1 0.59 0.63 0.47 0.87 0.91 0.95 
m r3 0.89 0.84 0.79 0.99 0.98 0.99 
r1 0.73 0.63 0.56 0.96 0.94 0.98 
n r3 0.94 0.93 0.93 0.99 0.99 0.98 
r1 0.84 0.81 0.81 0.96 0.96 0.95 
0 r3 0.97 0.94 0.98 0.99 0.98 0.99 
r1 0.91 0.85 0.93 0.96 0.93 0.97 
r3 = M.S.(b) - M.S.(w) I M.S.(b) 
r1 = M.S.(b) - M.S.(w) I M.S.(b) + 2 [M.S.(w)] 
Mean squares ( M.S.) values from repeated measures ANOVA 
MEASURES: POSITtON: 
a= EMSL f = CsFYh = OpC Al• DpFY A= closed medial 
b= ASJS 9= CsF Xi= OpClm= OpFX B= closed central 
C= SJS j= OcCAn = DcFY C= closed lateral 
d= PSJS k= OcC Lo= OcFX 0= open medial 
e= PJS E= open central 
F= open lateral 
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Table V. Comparison of between-subject and within-subject variances in closed 
mouth positions. 
A B c 
M.S.Betw.-subj. M.S.Betw.-subj. M.S.Betw.-subj. 
M.S.With.-subj. Ratio M.S.With.-subj. Ratio M.S.With.-subj. 
10.491 7.232 5.941 
a 0.220 47.7 0.206 35.2 0.228 
1.487 1.381 1.514 
b 0.139 10.7 0.145 9.5 0.120 
1.414 1.675 1.340 
c 0.107 13.2 0.070 23.9 0.091 
1.740 1.317 1.434 
d 0.114 15.3 0.183 7.2 0.135 
1.691 2.306 4.455 
e 0.057 29.4 0.175 13.2 0.131 
0.979 1.681 1.089 
f 0.125 7.9 0.117 14.4 0.132 
1.712 1.161 1.068 
g 0.161 10.6 0.173 6.7 0.152 
338.764 172.615 658.133 
h 25.684 13.2 26.799 6.4 130.057 
1.893 1.590 5.685 
i 0.078 24.2 0.130 12.2 1.138 
546.546 447.436 603.796 
j 44.731 12.2 41.391 10.8 44.594 
3.124 3.462 4.605 
k 0.080 39.0 1.150 3.0 0.102 
0.493 0.827 0.816 
I 0.092 5.4 0.135 6.1 0.222 
1.478 0.938 4.858 
rn 0.162 9.1 0.152 6.2 0.997 
2.874 0.825 1.128 
n 0.166 17.4 0.060 13.7 0.083 
3.527 2.703 5.085 
0 0.114 30.8 0.155 17.5 0.120 
Estimated variances (Mean squares; M.S.) from repeated measures ANOVA 
M.S.(within-subj., trial var.)--- produced by tracing 
All F-ratio's Prob.<0.0001 Statistically significant 
MEASURES : POSITION : 
a=EMSL 
b = ASJS 
C= SJS 
d =PS JS 
e= PJS 
f=CsFY 
g=CsFX 
h=DpCA 
i = OpC l 
j=DcCA 
k=DcCL 
l=.DpF Y A = closed medial 
m=DpF X B = closed central 
n=OcF Y C= closed lateral 
e>=OcF X 
Ratio 
26.1 
12.7 
14.7 
10.6 
33.9 
8.3 
7.0 
5.1 
5.0 
13.5 
45.2 
3.7 
4.9 
13.6 
42.5 
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Table VI. Comparison of between-subject and within-subject variances in open 
mouth positions. 
0 E F 
M.S.Betw.-subj. M.S.Betw.-subj. M.S.Betw.-subj. 
M.S.With.-subj. Ratio M.S. With.-subj. Ratio M.S.With.-subj. 
12.165 10.928 13.373 
a 0.235 51.8 0.222 49.2 0.222 
5.040 1.688 2.810 
b 0.572 8.8 0.420 4.0 0.950 
26.552 28.561 27.165 
c 0.219 121.5 0.196 145.7 0.170 
29.498 30.904 32.101 
d 0.179 165.0 0.155 198.9 0.141 
37.035 39.733 47.738 
e 0.077 478.1 0.106 374.1 0.169 
23.850 25.074 22.422 
f 0.151 157.5 0.127 197.9 0.204 
28.755 28.442 27.694 
g 0.260 110.8 0.234 121.3 0.194 
2462.106 226.285 2550.495 
h 62.235 39.6 47.059 47.3 56.404 
52.705 53.906 44.470 
i 1.309 40.3 2.608 20.7 1.747 
3678.838 3595.052 3570.286 
j 48.996 75.1 38.840 92.6 48.865 
10.955 8.849 6.795 
k 0.164 66.7 0.172 51.6 0.194 
2.711 4.667 5.771 
' 
0.123 22.0 0.142 32.9 0.106 
15.679 11.919 17.344 
m 0.189 83.0 0.231 51.6 0.141 
7.693 7.613 7.023 
n 0.100 77.0 0.101 75.5 0.132 
13.809 8.438 11.208 
0 0.174 79.5 0.206 41.1 0.115 
Estimated variances (Mean squares; M.S.) from repeated measures ANOVA 
M.S.(within-subj., trial var.) --- produced by tracing 
All F-ratio's Prob.<0.0001 Statistically significant 
MEASURES : POSITION : 
a=EMS l 
b =AS JS 
C= SJS 
d= PS JS 
e= PJS 
f=CsFY 
g=CsFX 
h=DpCA 
i = DpC L 
j=DcCA 
k=DcC l 
l=DpF Y 0 = open mediaJ 
m=DpF X E = open central 
n=DcF Y F= open lateral 
0=DcF X 
Ratio 
60.3 
3.0 
160.0 
228.3 
281.7 
109.8 
142.4 
45.2 
25.5 
73.1 
35.0 
54.4 
112.8 
53.2 
97.2 
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D. Part Ill. Correlation between measurements and radiologists' impression 
Descriptive statistics of the raw data are shown In TABLES VII, VIII, and 
IX. The three groups, "normai" , ADR, and ADNR, are shown separately. The 
columns are arranged from the first measurement(a) to the 15th.measurement (o) 
and the rows are arranged in six position from closed medial (A) to open lateral 
(F). Each position has three lines of information. Line 1 is the mean value of the 
measurement. Line 2 is the standard deviation (SD) of the measurement. Line 3 
is the estimated standard error of the mean (SEM) of the measurement. 
A One way ANOVA was carried out to test the difference among the means 
of the "normal", ADR, and ADNR groups. If it was stastically significant that meant 
at least one pair of means' difference was statistically significant. TABLE X showed 
the p-value of the one way ANOVA of all 90 measurements. The columns 
represent six positions from closed medial (A) to open lateral (F) and the rows 
represent 15 measurements from the first measurement (a) to the 15th 
measurement. It was found that 62 measurements of the 90 measurements had 
statistically significant differences among the means of three groups at the 95% 
level of significance. Those measurements were located randomly without 
reference to any factors (mouth positions, different sections, or any one of the 
measurements). 
Multiple comparisions (Scheff 's test) were performed after the p-value of 
the One Way ANOVA was found to be statistically significant. TABLE XI showed 
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the locations where the differences between means were stastically 
significant at the 95% level of significance. The rows of the table represent 15 
measurements from the first measurement (a) to the 15th measurement (o). The 
six major columns represent the six positions from closed medial (A) to opern 
lateral (F). Each major column has three subcolumns. Column 1 is the difference 
between the means of "normal" and ADA groups. Column 2 is the difference 
between the means of "norrnai" and ADNR groups. Column 3 is the difference 
between the means of ADR and ADNR groups. TABLE XII was the summary of 
the percentage of significance between three groups in different position. 
There were three specific findings in table XI and table XII: (1) In closed mouth 
position (A, B, and C), the difference between the means of ADR and ADNR 
groups was not significant. There were significant differences between the "normal" 
vs ADR groups and the "normal" vs ADNR groups. (2) In open mouth position (D, 
E, and F), the difference between the means of "normal" and ADR was not 
significant. There were significant differences between the ADNR vs "normal" 
groups and the ADNR vs ADR groups. (3) The difference between the means was 
a statistical verification of different populations but could not be used on case-by-
case basis because there was some overlapping in the sample distribution of the 
three samples. 
The 15 measurements were used to evaluate three condyle-fossa-disk 
measurement relationships. Measurement(b) through measurement(g) were used 
to evaluate the condyle-fossa relationships. Measurement(h) through 
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measurement(k) were used to evaluate the disk-condyle relationships. 
Measurement(!) through measurement(o) were used to evaluate the disk-fossa 
relationships. The ratio of significance was equal to the number of measurements 
which multiple comparisons were significance divided by the total number of 
measurements which belong to the same condyle-fossa-disk relationships. TABLE 
XIII showed the ratio of significance In different positions according to the 
condyle-fossa-disk relationships. Table XIII had three subtable. Subtable I was 
the "normal" vs ADR groups. Subtable II was the "normal" vs ADNR groups. 
Subtable Ill was the ADR vs ADNR groups. The rows were three measurement 
relationships of the closed and open mouth positions and the columns were three 
sections. Three interesting findings were evident. (1) The disk-fossa relationship 
was less significant than the other two relationships. (2) In closed mouth position, 
the anterior displacement of the disk was more often significant at the medial and 
the central sections than the lateral section. (3) In open mouth position, the 
reduction of the displaced disk was more often significant at the condyle-fossa and 
the condyle-disk relationships than the disk-fossa relationship. No difference 
between sections was found. 
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Table VII. Descriptive analysis of raw data "normal" joints. 
Condition: 
MRI-reading report "normal" joints; No. of Obs.= 93 
a b c d e f g h i j k I rn n 0 
A 
Mean 10.2 2.1 2.7 2.5 2.6 2.1 1.5 9.8 0.0 66.2 4.3 0.6 1.5 5.2 5.8 
SD 2.0 0.7 0.9 0.9 0.9 0.7 0.8 11.4 0.9 13.7 1.1 0.5 0.8 1.1 1.1 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.2 0.1 1.4 0.1 0.1 0.1 0.1 0.1 
B 
Mean 10.2 2.1 2.7 2.4 2.9 2.3 1.2 10.5 0.0 65.0 4.4 0.7 1.2 1.8 5.7 
SD 1.8 0.6 0.8 0.9 1.1 0.8 0.7 9.8 0.9 14.2 1.2 0.6 0.8 0.5 1.2 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.0 0.1 1.5 0.1 0.1 0.1 0.1 0.1 
c 
Mean 10.1 2.0 2.6 2.1 3.3 2.2 1.2 12.3 0.2 67.3 4.7 0.6 1.4 1.8 5.8 
so 1.7 0.7 0.8 0.7 1.2 0.7 0.7 12.8 1.2 14.2 1.2 0.5 1.0 0.6 1.3 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.3 0.1 1.5 0.1 0.1 0.1 0.1 0.1 
D 
Mean 8.7 1.6 9.7 10.3 10.2 0.0 9.2 -57.4 -0.6 -5.0 1.1 2.8 5.3 0.3 9.1 
SD 2.0 0.6 3.0 3.2 3.5 2.8 3.1 29.4 4.1 32.0 1.6 1.0 2.5 1.6 2.1 
SEM 0.2 0.1 0.3 0.3 0.4 0.3 0.3 3.0 0.4 3.3 0.2 0.1 0.3 0.2 0.2 
E 
Mean 8.7 1.7 9.9 10.2 10.4 -0.2 9.4 -57.9 -0.2 -10.0 1.3 3.0 5.2 0.3 9.0 
SD 2.0 0.7 3.1 3.4 3.6 2.8 3.2 28.0 4.4 32.9 1.6 1.2 2.4 1.6 2.0 
SEM 0.2 0.1 0.3 0.4 0.4 0.3 0.3 2.9 0.5 3.4 0.2 0.1 0.3 0.2 0.2 
F 
Mean 8.8 1.7 9.9 10.1 10.7 -0.1 9.5 -54.6 -0.2 -8.4 1.2 2.9 5.6 0.3 9.1 
SD 2.0 0.8 3.1 3.4 3.8 2.7 3.2 27.B 4.1 31.6 1.6 1.3 2,5 1.5 2.0 
SEM 0.2 0.1 0.3 0.4 0.4 0.3 0.3 2.9 0.4 3.3 0.2 0.1 0.3 0.2 0.2 
MEASURES: POSITION: 
a= EMS L f = CsFY h= DpCA I= OpFY A= closed medial 
b = ASJS 9= CsFX i= DpCL m= OpFX B= closed central 
C= SJS j= OcCA n= OcFY C= closed lateral 
d= PSJS k= DcC L O= OcFX 0= open medial 
e= PJS E= open central 
F= open lateral 
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Table VIII. Descriptive analysis of raw data "ADR" joints. 
Condition: 
MRI-reading report" ADA" joints; No. of Obs.= 115 
a b c d e f g ti i j k I m n 0 
A 
Mean 9.9 2.3 2.3 2.2 2.2 1.9 1.0 18.1 0.8 74.0 4.9 0.4 1.7 5.0 5.9 
so 2.1 0.8 0.8 0.8 0.7 0.7 0.8 11.8 1.0 12.2 1.2 0.6 1.0 1.2 1.4 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.1 0.1 1.1 0.1 0.1 0.1 0.1 0.1 
B 
Mean 9.8 2.3 2.4 2.0 2.5 2.1 0.9 17.9 0.8 72.9 5.2 0.5 1.6 1.8 6.0 
so 2.1 0.7 0.8 0.8 0.9 0.7 0.6 11.2 1.0 14.0 1.2 0.5 0.9 0.6 1.4 
SEM 0.2 0.1 0;1 0.1 0.1 0.1 0.1 1.0 0.1 1.3 0.1 0.0 0.1 0.1 0.1 
c 
Mean 9.9 2.2 2.3 1.9 3.0 2.0 1.0 16.5 0.6 73.2 5.1 0.5 1.6 1.9 6.0 
so 2.1 0.8 0.8 0.8 1.1 0.7 0.7 10.6 1.0 12.4 1.2 0.5 1.0 0.6 1.4 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.0 0.1 1.2 0.1 0.0 0.1 0.1 0.1 
D 
Mean 8.3 1.8 9.7 10.2 9.8 -0.2 9.2 -62.4 -0.8 -10.8 1.2 2.8 5.2 0.2 8.8 
so 2.3 0.8 2.9 3.1 3.3 2.9 2.8 32.8 4.2 35.2 1.4 1.1 2.3 1.5 2.2 
SEM 0.2 0.1 0.3 0.3 0.3 0.3 0.3 3.1 0.4 3.3 0.1 0.1 0.2 0.1 0.2 
E 
Mean 8.4 1.7 9.8 10.3 10.2 -0.3 9.3 -61.5 -0.4 -13.6 1.1 3.0 5.2 0.2 8.7 
SD 2.2 0.6 2.8 3.1 3.3 2.9 2.8 31.0 4.3 32.3 1.5 1.2 2.3 1.5 2.0 
SEM 0.2 0.1 0.3 0.3 0.3 0.3 0.3 2.9 0.4 3.0 0.1 0.1 0.2 0.1 0.2 
F 
Mean 8.3 1.7 9.9 10.3 10.4 -0.4 9.4 -58.4 -0.9 -14.3 1.0 2.9 5.4 0.2 8.7 
SD 2.0 0.8 2.8 3.1 3.3 2.9 2.8 29.5 4.1 31.0 1.6 1.1 2.3 1.5 1.9 
SEM 0.2 0.1 0.3 0.3 0.3 0.3 0.3 2.7 0.4 2.9 0.1 0.1 0.2 0.1 0.2 
MEASURES: POSITION: 
a= EMSL f = CsFY h= OpCA I= DpFY A= closed medial 
b= ASJS Q= CsFX i= DpCL rn= DpFX B= closed central 
C= SJS j= DcCA n= OcFY C= closed fateral 
d= PSJS k= DcC L O= OcFX D= open medial 
e= PJS E= open central 
F= open lateral 
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Table IX. Descriptive analysis of raw data "ADNR" joints. 
Condition: 
MRI-reading report" ADNR" joints; No of Obs.= 87 
a b c d e f g h i j k I m n 0 
A 
Mean 10.1 2.4 2.2 2.1 2.5 1.8 1.0 19.4 0.8 77.2 5.0 0.4 1.8 4.7 6.0 
so 2.0 0.8 0.7 0.7 1.0 0.6 0.7 13.2 1.0 12.2 1.3 0.5 1.1 0.9 1.5 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.4 0.1 1.3 0.1 0.1 0.1 0.1 0.2 
B 
Mean 10.2 2.4 2.3 2.1 2.7 2.0 0.9 21.3 1.0 75.9 5.4 0.5 1.9 1.8 6.2 
so 1.9 0.8 0.7 0.7 1.0 0.6 0.7 14.0 1.2 14.9 1.4 0.5 1.2 0.5 1.5 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.5 0.1 1.6 0.2 0.1 0.1 0.1 0.2 
c 
Mean 10.2 2.3 2.2 2.0 3.2 1.8 1.0 19.9 1.0 77.6 5.4 0.5 1.9 1.8 6.3 
so 2.0 0.6 0.7 0.7 1.2 0.6 0.6 13.9 1.1 13.1 1.3 0.5 1.1 0.6 1.4 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.5 0.1 1.4 0.1 0.1 0.1 0.1 0.1 
D 
Mean 9.2 1.6 7.7 8.2 7.8 1.5 7.3 -23.2 -1.3 32.5 2.3 1.8 5.4 0.8 9.6 
SD 2.0 0.7 2.9 3.5 3.9 1.4 3.2 33.7 2.4 28.8 2.0 1.3 2.6 1.4 2.6 
SEM 0.2 0.1 0.3 0.4 0.4 0.2 0.3 3.6 0.3 3.1 0.2 0.1 0.3 0.1 0.3 
E 
Mean 9.1 1.7 7.6 8.1 8.2 1.7 7.1 -18.0 -1.2 34.5 2.3 1.9 5.3 0.8 9.6 
so 2.0 0.7 2.9 3.4 3.8 1.5 3.2 31.6 2.5 28.3 2.2 1.3 2.7 1.5 2.7 
SEM 0.2 0.1 0.3 0.4 0.4 0.2 0.3 3.4 0.3 3.0 0.2 0.1 0.3 0.2 0.3 
F 
Mean 9.0 1.8 7.7 8.1 8.5 1.6 7.3 -18.5 -1.3 32.1 2.3 1.9 5.3 1.0 9.5 
so 1.9 0.7 3.0 3.3 3.5 1.4 3.2 29.3 2.6 28.8 1.9 1.2 2.7 1.2 2.6 
SEM 0.2 0.1 0.3 0.4 0.4 0.2 0.3 3.1 0.3 3.1 0.2 0.1 0.3 0.1 0.3 
MEASURES: POSIT10N: 
8= EMSL f = CsFY h= OpCA I= OpFY A= closed medial 
b= ASJS 9= CsFX i= OpCL m= OpFX B= closed central 
c= SJS j= OcCA n= DcFY C= closed lateral 
d= PSJS k= OcC L O= DcFX D= open medial 
e= PJS E= open central 
F= open lateral 
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Table X. P-value of one way ANOVA, radiologists' impressions. 
Condition: 
Difference among "normal", "ADA", and" ADNR" three groups (radiologists' report) 
A B c D E F 
a 0.411 0.251 0.624 0.015 .. 0.036 .. 0.035 • 
b 0.026 .. 0.006 * 0.027 * I 0.287 I 0.842 0.938 
c <0.0001 I* 0.0008 * 0.003 * <0.0001 .. <0.0001 * <0.0001 * 
d 0.002 * 0.0001 * 0.427 <0.0001 .. <0.0001 * <0.0001 .. 
e 0.014 I" 0.012 • 0.216 <0.0001 .. <0.0001 .. <0.0001 .. 
f 0.031 * 0.033 * 0.009 * I 0.018 I" I 0.164 I I 0.006 I* 
g <0.0001 * 0.0004 * 0.079 <0.0001 .. <0.0001 .. <0.0001 * 
h <0.0001 * I 0.039 ,. I 0.159 I <0.0001 .. <0.0001 .. <0.0001 * 
i <0.0001 .. <0.0001 * <0.0001 * I 0.978 I I 0.675] I 0.867 I 
j <0.0001 * <0.0001 * <0.0001 * <0.0001 * <0.0001 .. <0.0001 .. 
k <0.0001 * <0.0001 * 0.0005 * l<o.0001 I" I 0.019 I* <0.0001 * 
I 0.028 * 0.04 * 0.065 l<o.0001 I" <0.0001 .. <0.0001 .. 
m 0.161 I l<o.0001 )* 0.005 * 0.915 0.866 0.802 
n 0.009 * I o.574 I 0.711 0.012 .. 0.012 .. 0.0003 * 
0 0.109 I 0.033 .. 0.051 0.054 I 0.616] I 0.953 j 
* = Statistically Significant ( significant level = 0. 05 ) 
I I Heterogeneity of variance (Bartlett's test) and ANOVA after data transformation 
MEASURES : POSITION : 
a = EMS L f = CsF Y h = DpC A I • OpF Y A = closed medial 
b = AS JS g = CsF X i = DpC L m = OpF X S = closed central 
c = S JS j = Dec A n = DcF Y C = closed lateral 
d = PS JS k = OcC L o = OcF X 0 = open medial 
e = P JS E = open central 
F = open lateral 
Table XI. Multiple comparisons (Scheff 's test) after ANOVA is significant. 
Condition: 
Difference between the means of "normal", "ADR", and" ADNA" groups 
A B c 0 
1 2 3 1 2 3 1 2 3 1 2 3 
a * 
b * * * 
c * * * * * * * 
• 
d * * * * * * 
e * * * * 
f * * * * 
g * * * * * * 
h * * * * 
i * * * * * * 
j * * * * * * * * 
k * * * * * * * 
I * * * 
rn * * * 
n * * 
0 * 
* = Statistically Significant different ( significant level = O. 05 ) 
1 =Normal vs. ADA, 2 =Normal vs. ADNR, 
MEASURES: 
a= EMS L 
b = ASJS 
C= SJS 
d= PSJS 
e= PJS 
f= CsFY 
g=CsFX 
h=DpC A 
i= OpC L 
j= OcC A 
k=DcC L 
t = OpFY 
rn=OpFX 
n= OcFY 
O= OcFX 
E F 
1 2 3 1 2 
* 
* * * 
* * * 
* * * 
* 
* * * 
* * * 
* * * 
* * 
* * * 
* * 
3 = ADA vs. ADNA 
POSITION: 
A = closed medial 
B = closed central 
C =closed lateral 
D =open medial 
E = open central 
F = open lateral 
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3 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
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Table XII. The percentage of significance between three groups in different 
positions. 
Percentage of significance 
= No. of multiple comparisons significance 
No. of ANOVA significance 
Medial Central 
% significance % significance 
Closed mouth 
N vs ADA 10/12 (= 830/o) 9/13 (= 69%) 
N vsADNA 9/12 (= 750/o) 9/13 (= 69%) 
ADA vsADNA 0/12 (= 0%) 0/13 (= 0%) 
Open mouth 
N vs ADA 0/11 (= 0%) 011-0 (= 0%) 
N vsADNA 8/11 (= 720/o) 7/10 (= 70%) 
ADA vs ADNA 11/11 (=100%) 10110 (=100%) 
Lateral 
% significance 
417 (= 57%) 
517 (= 71%) 
017 (= 0%) 
0111 (= 0%) 
10/11 (= 910/o) 
10/11 (= 910/o) 
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Table XIII. Summary of the ratio of significance in different positions with respect 
to three measurement relationships, radiologists' impressions. 
I. "normal" vs. "ADA" 
Medial Central Lateral 
Closed mouth 
Condyle-Fossa 5/6 5/6 216 
Disk-Condyle 414 3/4 214 
Disk-Fossa 1/4 1/4 0/4 
Open mouth 
Condyle-Fossa 0/6 016 0/6 
Disk-Condyle 014 0/4 0/4 
Disk-Fossa 014 014 0/4 
II. "normal" vs. "ADNR" 
Medial Central Lateral 
Closed mouth 
Condyle-Fossa 416 4/6 1/6 
Disk-Condyle 414 3/4 3/4 
Disk-Fossa 1/4 214 1/4 
Open mouth 
Condyle-Fossa 416 4/6 5/6 
Disk-Condyle 3/4 2/4 3/4 
Disk-Fossa 1/4 1/4 2/4 
Ill. "ADA" vs. "ADNR" 
Medial Central Lateral 
Closed mouth 
Condyle-Fossa 0/6 0/6 016 
Disk-Condyle 014 014 014 
Disk-Fossa 0/4 014 0/4 
Open mouth 
Condyle-Fossa 5/6 4/6 416 
Disk-Condyle 3/4 3/4 3/4 
Disk-Fossa 214 214 214 
Ratio of significance = No. of multiple comparison significant measurement 
~~~~~~__.__~~--'----~~-=-~~~~~~~~~~ 
No. of measurements in mesurement relationships 
Measurement relationships: 
(1) Condyle-Fossa relationship include six measurements from (b) to (g) 
(2) Disk-Condyle relationship include four measurements from (h) to (k) 
(3) Disk-Fossa relationship include four measurements from (I) to (o) 
Shade: 
lo less than 0.5 more than o.s 
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E. Part IV. Clinical application to evaluate asymptomatic and symptomatic joints 
The descriptive statistics of the raw data are shown In TABLE XIV, xv, 
XVI, XVII, and XVIII. The data Is presented according to the five groups 
(group(a) to group (e)) In this study. The columns are arranged from the first 
measurement (a) to the 15th measurement (o) and the rows are arranged in six 
positions from closed medial (A) to open lateral (F). Each position has three lines 
of information. Line 1 is the mean value of the measurement. Line 2 is the standard 
deviation (SD) of the measurement. Line 3 is the estimated standard error of the 
mean (SEM) of the measurement. 
Because the joints were connected by a rigid mandible and function 
together, the 120 TMJs of the 60 unlateral symptom subjects used in this study 
were not thought of as 120 random unrelated items for measurement. Thus, paired 
student's t-tests were used to compare the difference between the paired 
symptomatic and asymptomatic joints of the same patient in each 
measurements. TABLE XIX showed the p-value of paired t-test of all 90 
measurements. The columns represent the six positions from closed medial (A) 
to open lateral(F) and the rows represent the 15 measurements from first 
measurement (a) to 15th measurement (o). Eighteen measurements of the 90 
measurements were statistically significant at the 95% level. Detailed observation 
(TABLE XXll, part I) showed that the strongly significant measurements 
represented the bony relationship between the condyle and the fossa in open 
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mouth positions. 
Another set of paired student's t-tests were performed to test the difference 
between the paired right side and left side symptomatic joints of bilateral 
symptomatic patients due to the same reason as the above. TABLE XX showed 
the p-value of paired t-test of all 90 measurements. The columns represent the 
six position from closed medial (A) to open lateral (F) and the rows represent the 
15 measurements from first measurement (a) to 15th measurement (o). Fifteen 
measurements of the 90 measurements were statistically significant at the 95% 
level of significance. Detailed uuservation (TABLE XXll, part II) showed the 
majority of the significant measurements were located in closed mouth position. 
Because they were totally different patients, the independent t-tests were 
carried out to test the difference between the unilateral symptomatic patients' 
symptomatic joints and bilateral symptomatic patients' symptomatic joints. 
TABLE XXI showed the p-value of Independent t-test of all 90 measurements. 
The columns represent the six positions from closed medial (A) to open lateral (F) 
and the row represent the 15 measurements from the first measurement (a) to the 
15th measurement (o). Fourty measurements of the 90 measurements were 
statistically significant at the 95% level of significance. Detailed observation 
(TABLE XXll, part Ill) showed (1) In closed mouth position, the majority of the 
significant measurements represented the disk-condyle and the disk-fossa 
relationships. (2) In open mouth position, the strongly significant measurements 
represented the condyle-fossa relationship. 
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Table XIV. Descriptive analysis of raw data of group (a). 
Condition: 
60 asymptomatic joints of unilateral symptomatic patients (comb." R't & L't sides) 
a b c d e f g h j j k I m n 0 
A 
Mean 10.3 2.4 2.4 2.3 2.3 1.9 1.3 12.8 0.2 71.1 4.4 0.5 1.5 4.8 5.7 
SD 1.8 0.8 0.8 0.8 0.8 0.6 0.8 12.4 1.0 13.5 1.2 0.4 0.8 1.1 1.2 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.6 0.1 1.7 0.2 0.1 0.1 0.1 0.2 
B 
Mean 10.3 2.2 2.4 2.1 2.4 2.0 1.1 13.5 0.3 68.9 4.5 0.5 1.4 1.7 5.7 
SD 1.7 0.8 0.8 0.8 0.9 0.7 0.6 13.0 1.1 15.9 1.2 0.5 1.0 0.5 1.2 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.7 0.1 2.1 0.2 0.1 0.1 0.1 0.2 
c 
Mean 10.1 2.0 2.3 2.0 2.9 1.9 1 .1 17.8 0.6 73.6 4.8 0.5 1.6 1.7 5.8 
SD 1.6 0.7 0.7 0.7 1.1 0.7 0.6 17.1 1.4 15.5 1.3 0.5 1.3 0.6 1.4 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 2.2 0.2 2.0 0.2 0.1 0.2 0.1 0.2 
D 
Mean 8.9 1.6 8.8 9.3 9.0 0.6 8.4 -44.8 -1.0 5.4 1.4 2.5 4.9 0.6 8.8 
SD 1.9 0.7 3.0 3.3 3.7 2.6 3.2 31.7 3.7 35.7 1.7 1.0 2.4 1.5 2.3 
SEM 0.2 0.1 0.4 0.4 0.5 0.3 0.4 4.1 0.5 4.6 0.2 0.1 0.3 0.2 0.3 
E 
Mean 9.0 1.4 8.9 9.4 9.2 0.6 8.4 -43.9 -1.0 3.8 1.4 2.7 4.8 0.7 8.8 
SD 1.8 0.7 3.1 3.4 3.7 2.7 3.2 30.9 3.9 35.3 1.7 1.3 2.4 1.6 2.1 
SEM 0.2 0.1 0.4 0.4 0.5 0.3 0.4 4.0 0.5 4.6 0.2 0.2 0.3 0.2 0.3 
F 
Mean 9.0 1.5 8.9 9.3 9.5 0.6 8.5 -41.2 -1.1 4.8 1.3 2.6 5.1 0.6 8.9 
SD 2.0 0.9 3.0 3.4 4.0 2.4 3.2 28.8 3.5 33.9 1.6 1.3 2.7 1.4 2.3 
SEM 0.3 0.1 0.4 0.4 0.5 0.3 0.4 3.7 0.5 4.4 0.2 0.2 0.3 0.2 0.3 
MEASURES: POSITION: 
a= EMS L f = CsFY h= OpCA I= OpFY A= closed medial 
b= ASJS 9= CsFX i= OpCL m= OpFX B= closed central 
C= SJS j= DcCA n= OcFY C= closed lateral 
d= PSJS k= occ L O= DcFX D= open medial 
e= PJS E= open central 
F= open lateral 
105 
Table XV. Descriptive analysis of raw data of group (b). 
Condition: 
60 symptomatic joints of unilateral symptomatic patients (comb. R't & L't sides) 
a b c d e f g h i j k I m n 0 
A 
Mean 10.3 2.4 2.4 2.2 2.3 1.9 1.3 12.2 0.2 70.1 4.3 0.4 1.5 4.8 5.6 
so 2.0 0.9 0.9 1.0 1.1 0.7 0.9 10.1 0.7 11.3 1.0 0.5 0.9 1.1 1.3 
SEM 0.3 0.1 0.1 0.1 0.1 0.1 0.1 1.3 0.1 1.5 0.1 0.1 0.1 0.1 0.2 
B" 
Mean 10.2 2.4 2.4 2.2 2.6 2.0 1.0 13.7 0.3 70.2 4.6 0.5 1.3 1.8 5.6 
so 1.8 0.8 0.8 0.8 1.0 0.6 0.8 9.6 0.8 12.5 1.0 0.4 0.9 0.5 1.3 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.2 0.1 1.6 0.1 0.1 0.1 0.1 0.2 
c 
Mean 10.1 2.3 2.3 2.0 2.7 1.9 1 .1 14.8 0.4 73.3 4.8 0.5 1.5 1.7 5.9 
SD 1.7 0.7 0.8 0.8 1.0 0.7 0.7 8.6 0.7 12.8 1.0 0.5 0.8 0.5 1.2 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.1 0.1 1.7 0.1 0.1 0.1 0.1 0.2 
D 
Mean 9.0 1.7 8.2 8.6 8.1 0.9 7.7 -36.2 -1.0 14.7 1.8 2.2 5.0 0.6 8.9 
SD 2.0 0.9 3.4 3.9 4.1 2.4 3.6 35.7 3.1 38.7 2.0 1.2 2.3 1.6 2.2 
SEM 0.3 0.1 0.4 0.5 0.5 0.3 0.5 4.6 0.4 5.0 0.3 0.2 0.3 0.2 0.3 
E 
Mean 9.0 1.6 8.2 8.5 8.4 0.9 7.6 -36.9 -1.0 12.3 1.9 2.4 4.6 0.9 8.6 
SD 2.0 0.7 3.3 3.6 3.9 2.5 3.6 34.8 3.5 40.5 2.1 1.4 2.3 1.6 2.2 
SEM 0.3 0.1 0.4 0.5 0.5 0.3 0.5 4.5 0.5 5.2 0.3 0.2 0.3 0.2 0.3 
F 
Mean 8.8 1.7 8.2 8.4 8.6 0.7 7.7 -36.2 -0.8 10.3 1.8 2.4 4.6 0.9 8.5 
SD 1.6 0.9 3.3 3.6 3.8 2.6 3.5 34.0 3.5 42.0 2.2 1.4 2.2 1.4 1.9 
SEM 0.2 0.1 0.4 0.5 0.5 0.3 0.4 4.4 0.5 5.4 0.3 0.2 0.3 0.2 0.3 
MEASURES: POSITION: 
a= EMSL f= CsFY h= OpCA •= OpFY A= closed medial 
b= ASJS 9= CsFX i= OpC L m= OpFX B= closed central 
C= SJS j= OcCA n= DcFY C= closed lateral 
d= PSJS k= OcC L O= DcFX D= open medial 
e= PJS E= open central 
F == open lateral 
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Table XVI. Descriptive analysis of raw data of group (c). 
Condition: 
180 symptomatic joints of bilateral symptomatic patients (comb. R't & L't) 
a b c d e f g h i j k I rn n 0 
A 
Mean 9.9 2.2 2.4 2.2 2.5 2.0 1.1 18.0 0.7 73.4 4.9 0.5 1.8 5.1 6.0 
SD 2.1 0.7 0.8 0.8 0.9 0.7 0.8 13.2 1.1 14.0 1.3 0.6 1.0 1.1 1.4 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.0 0.1 1.0 0.1 0.0 0.1 0.1 0.1 
B 
Mean 9.9 2.3 2.5 2.1 2.8 2.3 0.9 18.3 0.8 72.1 5.3 0.6 1.7 1.9 6.2 
SD 2.1 0.7 0.8 0.8 1.0 0.7 0.7 12.7 1.2 15.4 1.4 0.6 1.0 0.6 1.4 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.9 0.1 1.1 0.1 0.0 0.1 0.0 0.1 
c 
Mean 10.0 2.2 2.4 2.0 3.4 2.0 1.1 15.9 0.6 71.8 5.2 0.6 1.7 1.9 6.2 
SD 2.1 0.7 0.7 0.8 1.2 0.7 0.7 12.0 1.1 13.5 1.3 0.5 1.0 0.6 1.4 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.9 0.1 1.0 0.1 0.0 0.1 0.0 0.1 
D 
Mean 8.5 1.7 9.5 10.1 9.9 0.1 9.1 -55.4 -0.7 -0.8 1.4 2.7 5.5 0.3 9.3 
SD 2.2 0.6 2.9 3.2 3.3 2.7 2.9 36.2 4.0 36.7 1.6 1.3 2.5 1.5 2.3 
SEM 0.2 0.0 0.2 0.2 0.2 0.2 0.2 2.7 0.3 2.7 0.1 0.1 0.2 0.1 0.2 
E 
Mean 8.5 1.8 9.6 10.0 10.3 0.0 9.2 -52.6 -0.3 -2.8 1.4 2.7 5.6 0.2 9.3 
SD 2.2 0.6 2.9 3.3 3.4 2.7 3.0 36.3 4.1 36.7 1.8 1.3 2.5 1.5 2.3 
SEM 0.2 0.0 0.2 0.2 0.3 0.2 0.2 2.7 0.3 2.7 0.1 0.1 0.2 0.1 0.2 
F 
Mean 8.5 1.8 9.7 10.1 10.6 0.1 9.3 -49.9 -0.6 -3.1 1.3 2.7 5.8 0.3 9.3 
SD 2.1 0.6 3.0 3.2 3.3 2.7 3.0 34.1 3.9 34.4 1.7 1.3 2.5 1.5 2.2 
SE 0.2 0.0 0.2 0.2 0.2 0.2 0.2 2.5 0.3 2.6 0.1 0.1 0.2 0.1 0.2 
MEASURES: POSITION: 
a= EMSL f= CsFY h= OpCA I= DpFY A= closed medial 
b= ASJS 9= CsFX i= DpCL m= DpFX B= closed central 
C= SJS j= OcCA n= DcFY C= closed lateral 
d= PSJS k= Dec L O= DcFX D= open medial 
e= PJS E= open central 
F= open lateral 
107 
Table XVII. Descriptive analysis of raw data of group (d). 
Condition: 
90 right side joints of bilateral symptomatic patients 
a b c d e f g h j j k I m n 0 
A 
Mean 10.1 2.2 2.3 2.3 2.5 1.8 1.2 18.3 0.8 73.3 4.9 0.5 2.0 5.0 6.1 
SD 2.1 0.7 0.8 0.8 1.0 0.7 0.8 15.0 1.3 15.2 1.4 0.6 1.2 1.1 1.5 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.6 0.1 1.6 0.1 0.1 0.1 0.1 0.2 
B 
Mean 10.0 2.2 2.5 2.1 2.7 2.2 1.0 18.6 0.8 72.9 5.3 0.6 1.7 1.8 6.2 
SD 2.2 0.6 0.9 0.8 1.1 0.8 0.8 13.4 1.2 15.0 1.5 0.6 1.1 0.6 1.6 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.4 0.1 1.6 0.2 0.1 0.1 0.1 0.2 
c 
Mean 10.0 2.1 2.5 2.1 3.3 2.1 1.1 14.4 0.5 69.8 5.0 0.6 1.5 1.9 6.1 
SD 2.1 0.7 0.8 0.8 1.1 0.8 0.8 12.4 1.2 14.1 1.2 0.5 1.0 0.6 1.3 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.3 o. 1 1.5 0.1 0.1 0.1 0.1 0.1 
D 
Mean 8.5 1.7 9.4 10.0 9.7 0.1 9.0 -56.0 -0.7 0.0 1.4 2.6 5.3 0.3 9.2 
SD 2.2 0.7 3.0 3.3 3.4 2.7 3.0 37.0 4.0 36.4 1.6 1.2 2.6 1.7 2.3 
SEM 0.2 0.1 0.3 0.3 0.4 0.3 0.3 3.9 0.4 3.8 0.2 0.1 0.3 0.2 0.2 
E 
Mean 8.5 1.8 9.5 10.0 10.0 0.2 9.1 -53.0 -0.4 -2.2 1.5 2.8 5.4 0.3 9.2 
SD 2.3 0.6 3.0 3.4 3.5 2.7 3.1 35.9 4.2 36.1 1.6 1.2 2.6 1.5 2.3 
SEM 0.2 0.1 0.3 0.4 0.4 0.3 0.3 3.8 0.4 3.8 0.2 0.1 0.3 0.2 0.2 
F 
Mean 8.6 1.8 9.6 10.0 10.5 0.1 9.2 -49.5 -0.5 -1.6 1.2 2.7 5.7 0.3 9.2 
SD 2.0 0.6 3.0 3.4 3.5 2.6 3.1 32.9 3.8 33.3 1.6 1.2 2.6 1.5 2.2 
SEM 0.2 0.1 0.3 0.4 0.4 0.3 0.3 3.5 0.4 3.5 0.2 0.1 0.3 0.2 0.2 
MEASURES: POSITION: 
a= EMS L f = CsFY h= OpCA f = OpFY A= closed medial 
b= ASJS 9= CsFX i= OpC L m= OpFX 8= closed central 
C= SJS j= DcCA n= OcFY C= closed lateral 
d= PSJS k= Dec L O= OcFX D= open medial 
e= PJS E= open central 
F= open lateral 
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Table XVIII. Descriptive analysis of raw data of group (e). 
Condition: 
90 left side joints of bilateral symptomatic patients 
a b c d e f g h i j k I m n 0 
A 
Mean 9.6 2.2 2.4 2.2 2.5 2.1 1.1 17.7 0.7 73.6 5.0 0.6 1.6 5.2 6.0 
so 2.1 0.7 0.8 0.8 0.8 0.7 0.6 11.1 1.0 12.8 1.2 0.6 0.8 1.1 1.3 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.2 0.1 1.3 0.1 0.1 0.1 0.1 0.1 
B 
Mean 9.7 2.3 2.5 2.1 2.8 2.3 0.9 18.1 0.8 71.3 5.3 0.7 1.6 1.9 6.1 
so 2.0 0.7 0.7 0.8 1.0 0.6 0.7 12.1 1.1 15.9 1.3 0.6 0.9 0.6 1.3 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.3 0.1 1.7 0.1 0.1 0.1 0.1 0.1 
c 
Mean 10.0 2.2 2.3 1.9 3.4 1.9 1.0 17.4 0.8 73.8 5.3 0.5 1.8 1.9 6.3 
so 2.1 0.7 0.7 0.8 1.3 0.7 0.6 11.5 1.0 12.7 1.3 0.5 1.1 0.6 1.5 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 0.1 1.2 0.1 1.3 0.1 0.1 0.1 0.1 0.2 
D 
Mean 8.4 1.7 9.6 10.2 10.2 0.1 9.3 -54.8 -0.8 -1.6 1.4 2.7 5.7 0.3 9.4 
SD 2.3 0.6 2.8 3.1 3.3 2.6 2.8 35.6 3.9 37.1 1.6 1.4 2.4 1.4 2.4 
SEM 0.2 0.1 0.3 0.3 0.3 0.3 0.3 3.8 0.4 3.9 0.2 0.1 0.3 0.1 0.3 
E 
Mean 8.4 1.9 9.7 10.1 10.5 -0.1 9.3 -52.2 -0.3 -3.4 1.4 2.7 5.8 0.1 9.4 
so 2.2 0.7 2.9 3.1 3.3 2.7 2.9 36.9 4.1 37.6 1.9 1.4 2.4 1.4 2.3 
SEM 0.2 0.1 0.3 0.3 0.3 0.3 0.3 3.9 0.4 4.0 0.2 0.1 0.3 0.2 0.2 
F 
Mean 8.4 1.8 9.9 10.2 10.6 0.0 9.5 -50.4 -0.7 -4.6 1.4 2.7 5.9 0.3 9.4 
SD 2.1 0.7 2.9 3.0 3.1 2.7 2.8 35.4 4.0 35.6 1.8 1.4 2.3 1.5 2.2 
SEM 0.2 0.1 0.3 0.3 0.3 0.3 0.3 3.7 0.4 3.8 0.2 0.1 0.2 0.2 0.2 
MEASURES: POSITION: 
a= EMS L f = CsFY h= OpCA I= OpFY A= closed medial 
b= ASJS 9= CsFX i= DpC L m= OpFX B= closed central 
C= SJS j= DcCA n= DcFY C= closed lateral 
d= PSJS k= occ L O= OcFX 0= open medial 
e= PJS E= open central 
F= open lateral 
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Table XIX. P-value of two-tailed paired t-test, symptoms. 
Condition: 
Symptomatic joint vs. asymptomatic joint of the same unilateral symptomatic patient 
A B c D E 
a 0.852 0.433 0.869 0.481 0.836 
b 0.741 0.024 * 0.043 * 0.459 0.1 
c 0.833 0.83 0.989 0.044 * 0.008 * 
d 0.9 0.361 0.688 0.021 * 0.005 * 
e 0.965 0.204 0.277 0.007 * 0.008 * 
f 0.934 0.991 0.985 0.134 0.203 
g 0.969 0.499 0.952 0.039 * 0.008 * 
h 0.745 0.915 0.171 0.041 * 0.109 
i 0.876 0.991 0.408 0.831 0.89 
j 0.629 0.533 0.89 0.044 * 0.059 
k 0.449 0.724 0.776 0.217 0.101 
I 0.659 0.684 0.949 0.08 0.203 
m 0.741 0.529 0.454 0.519 0.28 
n 0.767 0.822 0.379 0.667 0.291 
0 0.449 0.515 0.519 0.775 0.379 
* =Statistically Significant (significant level= 0.05) 
MEASURES: 
a= EMS L f= CsFY h= 
b= ASJS 9= CsFX i= 
C= SJS j= 
d= PSJS k= 
e= PJS 
OpCA I= 
OpC L m= 
OcCA n= 
DcC L O= 
DpFY 
OpFX 
OcFY 
DcFX 
POSITION: 
A = closed medial 
B = closed central 
C = closed lateral 
0 = open medial 
E = open central 
F = open lateral 
F 
0.345 
0.07 
0.011 * 
0.005 * 
0.007 * 
0.509 
0.005 * 
0.237 
0.463 
0.236 
0.021 * 
0.414 
0.064 
0.031 * 
0.061 
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Table XX. P-value of two-tailed paired t-test, sides. 
Condition: 
right side vs. left side symptomatic joints of the same bilateral symptomatic patient 
A B c D ·E F 
a 0.001 * 0.023 * 0.677 0.522 0.544 0.186 
b 0.539 0.097 0.196 0.711 0.541 0.981 
c 0.123 0.989 0.009 * 0.206 0.529 0.161 
d 0.105 0.619 0.185 0.344 0.853 0.285 
e 0.732 0.538 0.559 0.024 " 0.027 * 0.572 
f 0.0003 * 0.686 0.032 .. 0.853 0.26 0.377 
g 0.047 * 0.234 0.344 0.105 0.343 0.165 
h 0.681 0.787 0.066 0.701 0.813 0.777 
i 0.373 0.822 0.008 * 0.865 0.775 0.624 
j 0.898 0.455 0.017 " 0.641 0.722 0.304 
k 0.536 0.887 0.007 " 0.902 0.598 0.481 
I 0.047 * 0.653 0.426 0.598 0.417 0.974 
m 0.008 * 0.312 0.023 * 0.116 0.076 0.316 
n 0.026 " 0.346 0.809 0.837 0.028 " 0.972 
0 0.444 0.649 0.055 0.414 0.343 0.366 
* = Statistically Significant ( significant level = 0.05 ) 
MEASURES: POSITION: 
a= EMS L f= CsFY h= OpCA I= OpFY A= closed medial 
b= ASJS g= CsFX i= OpC L m= DpFX B= closed central 
C= SJS j= OcCA n= DcFY C= closed lateral 
d= PSJS k= OcC L O= DcFX D= open medial 
e= PJS E= open central 
F= open lateral 
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Table XXL P-value of two-tailed independent t-test(#), symptoms. 
Condition: 
Symptomatic joints of unilateral symptomatic vs. bilateral symptomatic patients 
A B c D E F 
a 0.196 0.292 0.725 0.132 0.092 I 0.226 I 
b 0.059 I 0.11 0.211 I 0.693 I 0.054 I o.43 I 
c 0.972 0.183 0.477 0.004 * 0.002 * 0.0008 * 
• 
d 0.993 0.599 0.904 0.003 * 0.002 * 0.0008 * 
e 0.214 0.247 0.0004 * I 0.003 I" 0.0003 * 0.0001 * 
f 0.391 0.024 * 0.385 0.038 * 0.031 * 0.083 
g 0.313 0.412 0.891 I 0.008 I .. 0.001 * 0.0004 * 
h 0.0005 I* I 0.004 I* I 0.434 j 0.0004 * 0.004 * 0.009 " 
i 0.0002 I* I 0.0009 I" i o.065 j I o.68 I 0.253 0.723 
j 0.094 0.389 0.454 0.006 * 0.008 " I o.o3 I* 
k 0.0001 I* I 0.0001 I .. I 0.024 I" I 0.231 I 0.096 I 0.086 j 
I 0.379 I 0.048 I" 0.388 0.006 * 0.093 0.132 
m 0.059 0.025 * I 0.103 I 0.173 0.008 * 0.001 * 
n 0.079 0.228 0.026 * 0.126 0.003 * 0.006 * 
0 0.023 * 0.006 * 0.088 0.196 0.063 0.013 * 
* =Statistically Significant (significant level= 0.05) 
(#)Pooled-variance t-test except Oseperated-variance t-test 
MEASURES: POSITION: 
a= EMS L f= CsFY h= DpCA I= DpFY A= closed medial 
b= ASJS 9= CsFX i= DpC L m= DpFX B= closed central 
C= SJS j= DcCA n= DcFY C= closed lateral 
d= PSJS k= DcC L O= DcFX D= open medial 
e= PJS E= open central 
F= open lateral 
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Table XXll. Summary of the ratio of significance in different positions with respect 
to three measurement relationships, subjective symptoms. 
I. Symptomatic vs. asymptomatic joints of the same unilateral symptomatic patient 
Medial Central Lateral 
Closed mouth 
Condyle-Fossa 0/6 1/6 1/6 
Disk-Condyle 014 014 0/4 
Disk-Fossa 0/4 0/4 014 
Open mouth 
Condyle-Fossa 416 416 416 
Disk-Condyle 2/4 014 1/4 
Disk-Fossa 014 0/4 1/4 
II. R't side vs. L't side joints of the same bilateral symptomatic patient 
Medial Central Lateral 
Closed mouth 
Condyle-Fossa 2/6 0/6 216 
Disk-Condyle 014 0/4 3/4 
Disk-Fossa 3/4 0/4 1/4 
Open mouth 
Condyle-Fossa 1/6 1/6 0/6 
Disk-Condyle 0/4 0/4 014 
Disk-Fossa 014 1/4 014 
Ill. Unilateral vs. bilateral symptomatic patients' symptomatic joints 
Medial Central Lateral 
Closed mouth 
Condyle-Fossa 016 116 1/6 
Disk-Condyle 314 3/4 1/4 
Disk-Fossa 1/4 3/4 1/4 
Open mouth 
Condyle-Fossa 5/6 516 4/6 
Disk-Condyle 214 214 214 
Disk-Fossa 1/4 214 3/4 
Ratio of significance = No. oft-test significant measurement 
~~~~~~~~-=-~~~~~~~~~~~~~~~ 
No. of measurements in measurement relationships 
Measurement relationships : 
(1) Condyle-Fossa relationship include six measurements from (b) to (g) 
(2) Disk-Condyle relationship include four measurements from (h) to (k) 
(3) Disk-Fossa relationship include four measurements from (I) to (o) 
Shade: 
I O J less than 0.5 more than 0.5 
CHAPTER V 
DISCUSSION 
A Accuracy of methodology 
Measurement bias or measurement error is a factor that every researcher 
must be wary of. An accurate measurement will be defined as one which is precise 
and unbiased. In terms of a measurement, bias is a result of a systematic error 
which tends to make the actual recording of a measurement consistently above or 
below the true value. ·1 ne term error in this context should only be used if the true 
value of the measurement is known and, in general, the term variation will be used 
instead. The precision of a measurement relates to the amount of random variation 
about a fixed point (be it the true value or not). An imprecise measurement will vary 
randomly about it. An accurate measurement is one which can vary very little 
(precise) around the true value (unbiased) of what is being measured. If a 
measurement lacks precision, repeated measurements of the same characteristic, 
finally using an average of all these readings, will reduce the imprecision. Repeated 
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measurements will not correct for bias. If a measurement is biased, the only way 
to solve the problem is to correct for this bias by adjusting the observed value. 
What can affect the accuracy of a given measurement? Different sources 
affect both precision and bias. Observer variation, instrument variation, and subject 
variation are the three sources and have an impact on measurement accuracy. In 
the final analysis, whether variation in a measurement is random or systematic is 
far more important than its source. Systematic variation in any measurement is a 
problem. Random variation, on the other hand, causes less of a problem. Random 
variation in a measurement increases its standard error, but increase of sample 
size can allow for this, once the amount of random variation is known. Random 
variation will tend to obscure group differences and reduce the magnitude of 
correlation between groups. 
The repeatability (reliability, reproducibility, or consistency) of a 
measurement can be specifically determined by making replicate observations. A 
measure is repeatable if the same result is obtained each time. If the same 
observer makes all the measurements, the repeatability of a test is directly related 
to its precision (amount of rnn~om variation involved). The standard deviation of 
all the readings about their mean is a good measure of this random variation. 
Quantification and identification of the source of random variation (within-observer, 
instrument, or subject) is sometimes possible. 
In study part I, the result shows that the estimation of the mean of the 
"IDENTIFYING ERROR" (random variation) is around 0.5 mm for the landmark 
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identification procedure. Thi:; :;i::.:c o~ random variation is clinically acceptable. How 
much can this error affect the measurement? 
Two kinds of effects need to be considered. First is the effect of the 
absolute value of individual measurements. From the geometrical point of view, we 
need to consider that the error could affect the value of measurement if the 
distance between any two points in TMJ is theoretically less than 1.0 mm. The 
same situation needs to be considered when we compare two individual case the 
difference between the value of the measurement less than 1.0 mm. Second is the 
effect of the value of measurement of a group of sample. In study part II, the 
comparsion of between-subject variation and within-subject variation shows a 
range different ratio in all the measurements. Clearly, the variation in measurement 
which is normally present between the TMJs of different subjects is considerably 
greater and more important than the relatively minor within-subject variation. The 
major component of the within-subject variation is introduced by the method as 
described. Our method has a high degree of relative accuracy. The method will not 
have an effect on the value of the measurement of a group of sample. The same 
situation needs to be considered when we compare two or mutiple group the 
difference between the mean value of the measurement less than 1.0 mm. 
The actural distribution of each landmark is more valuable than the mean 
estimating error. [)At~ilArl nh~Arv~tinn of A~ch l~ndmark scattergram show three 
important inferences. First, even using the same TMJ MR image, variation in 
landmark identification still exists; second, the distribution of variation for most 
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landmarks has its own characteristic; and third the magnitude of variation varies 
from landmark to landmark. Since the study only has one good quality sample, 
instrument and observer variation are two possible sources of the random variation 
(imprecision). 
With respect to the instrument variation, three factors tended to alter the 
magnitude (size) of the scattergram distribution. (1) Tracing method error: using 
a diameter 0.5 mm fine pencil to trace the joint morphology was proper. However, 
the finer the pencil tip the more precision there is. That is the reason a 0.3 mm 
diameter fine pencil in study B was used. (2) Digitizer sensitivity: HIPAD digitizer 
has a resolution of 0.2 mm digitizing error in point location. This resolution is 
acceptable clinically. (3) Errors in reference origin and axes selection: using the 
border of the image as a reference minimied subjective selection and was a 
convenient procedure. Easily identified points and borders of the image will reduce 
the error. No consequential errors were introduced by the mathematical 
computations of the computer program since its precision extended considerably 
beyond two decimal places. 
With respect to the observer variation, two factors can affect this within-
observer variation which could alter the shape and size of the scattergram 
distribution. (1) Most the identification required the observer to estimate the 
position of a point on an edge. The precision is a function of how sharply the edge 
folds in the region to the point being identified. Where the edge folds very sharply, 
the estimates are very good indeed. However, the degree to which the edge 
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constrasts with the surrounding area varies from point to point. This may be the 
possible source that causes both disk landmarks, landmark 11 and landmark 12, 
to be less reliable than others. (2) Since the TMJ tracing is a gradual curve, 
identifing a point on a curve is rendered more difficult and the error tends to be 
proportionately larger. A further problem appears to be rigor of definition. For 
example, The definition of landmark 1 is the most inferior contour (vertically limited) 
of articular eminencP. Rnrl thP. rfo~trih11tinn nf this IRndmark is larger in the horizontal 
direction than in the vertical direction. The same situation is found in landmark 3 
(fossa superior) and landmark 8 (condyle superior). A similar situation is also found 
in landmark 6 (condyle posterior) and landmark 1 O (condyle anterior). These two 
points have horizontally limited definition and the magnitude of the distribution is 
larger in vertical direction than in horizontal direction. 
In study part II, the lack of significant tracing error is the most important 
finding of our evaluation in terms of reproducibility the methodology. For the series 
of 37 "normal, asymptomatic" TMJs, differences between the three tracing sets with 
respect to the majority (92%) measurements are not statistically significant. On 
other word, the method is highly reproducible. The multiple tracings of the TMJs 
are shown to produce nearly identical positions. The intraclass correlation 
coefficients for three vs. one tracing trials per joint also strongly support that the 
tracing methodology is reliable because they were substantially the same. There 
is relatively small gain in the reliability of the method from the additional tracing 
effort. As we discussed before, repeated measurement can increase the precision. 
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Three tracings per case in future studies of this method will increase accuracy. 
B. Radiologists' impression 
In study part Ill, the method is applied to find the relationship between the 
measurement and the radiologists' interpretation of the condyle-disk-fossa 
relationships on TMJ MR imaging. The most important result from this study is the 
high correlation between the radiologists' impression and our fifteen quantitative 
measurements. In other words, both of the methods (subjective diagnosis, 
quantitative measurements) have some common criteria. 
In Table XII. we found two important findinps. First, the measurement are 
different between the "normal" position disk group and "anterior displaced" disk 
group (ADR and ADNR). The differences are found onlay in closed mouth 
positions. Second, the measurement are different between "without reduction" 
(ADNR) group and "with reduction(ANR) or normal" groups. The differences are 
found only in open mouth positions. These findings are the same as the 
conclusion of Heffez's study in 1988, which used corrected arthrotomography to 
evaluate the patients with internal derangement. 
From the anatomatic point of view, the closed mouth film and the open 
mouth film provide different information about the disk position. We usually use the 
closed mouth films to provide static aspect of the disk position and determine 
whether the disk is displaced or not. We use the open mouth films to provide 
information regarding the functional aspect of the disk position and determine 
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whether the displaced disk is reduced or without nonreducing. Observation of both 
positions is necessarry to make a diagnosis of disk positions. 
Detailed observation of Table XIII shows that in closed mouth position, the 
anterior displacement of the disk has strongly significant measurements in the 
medial and the central positions than in the lateral position. This finding seems to 
agree the clinical finding that the disk is usually displace anteriorly or medially. 
From the anatomic point of view, displacement of the disk may occure in two 
ways. One is by anterior rotational displacement and the other is by sideways 
displacement. From our data, we need to consider sideways displacement may be 
an important component in disk displacement. Futher study should focus on both 
coronal section and sagital sections of MR imaging. 
The other finding of Table XIII is that in open mouth position, the reduction 
of the displaced disk has more significance in the measurements which represent 
the relationships of the condyle-fossa and condyle-disk than the disk-fossa. It 
seems that the change of the condylar position plays the major part in the 
reduction and the change of the disk position plays the minor part of the reduction. 
Observing the absolute value of the measurements, we found that the 
difference between the means is not statistically significant because the size of the 
difference is too small to be used clinically and the overlap of the groups is also 
large. It is a statistical verification of a different population, but not a valid case-by-
case determiner. 
Very often our criterion variable of interest is dichotomous in nature, and we 
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are interested in predictor variables which are related to the two or more criterion 
variables. For example, we might be interested in predictor variables which 
discriminate between normal (non-displacement) and displacement of the static 
position of disk, with reduction and without reduction of the functional position of 
disk, etc. Discriminant analysis is a procedure for identifying such relationships 
between qualitative criterion variables and quantitative predictor variables. The 
discriminant function uses a weighted combination of those predictor variable 
values to classify an object into one of the criterion variable groups. The weights 
associate with each predictor variable and multiple predictor variables were more 
precise than one predictor variable to discriminate between two criterion groups. 
The squared coefficient weights reflect only the relative importance of the variables 
and do not reflect their absch_•!9 !~pcrtance. The relative importance of any given 
variable will depend upon which other variables are included in the analysis, and 
which have been omitted. The cutoff score for assigning objects into the alternative 
criterion groups is determined in such a way as to minimize the number of 
classification errors. One of the main things we would like to know about our 
discriminant function is whether it succeeds in discriminating between members of 
our criterion groups or not. The accuracy of classification is presented as a 2 X 2 
tabulation of the objects' actual group membership versus their predicted group 
membership. From this 2 X 2 decision matric, we can know the accuracy, 
sensitivity, and specificity of the discriminant classification. The summary of 2 X 2 
decision matrices is illustrated in TABLE XXlll. 
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The discriminant analysis of the "displacement" in closed mouth positions 
is tabulated in TABLE XXIV. The columns are different combinations of closed 
mouth positions. The rows are different combinations of measurements. The 
predictor variables are the combination of the rows and the columns. The range 
of accuracy is from 55.25% to 76.27%. The results depend upon the predictor 
variables which are included in the analysis. Three factors need to be considered. 
First, the more predictor variables which are included the more accurate the 
classification is. Second, the accuracy is larger in multiple positions than in a single 
position. Third, the accuracy is larger in the measurements which represent three 
relationships (condyle-fossa, condyle-disk, and disk-fossa) than those 
measurements which only measure a single relationship. Figure 44 shows the 
comparision of the classification accuracy in single relationship measurements. The 
disk-fossa(X-Y) four measurements (1)--(o) have less accuracy for predicting 
displacement. The disk-condyle(X-Y) four measurements (h)--(k) are more accurate 
than the clock method measurement (h) and joint space four measurements (b)--
(e). These three combinations of predictors seem almost equal in accuracy. Figure 
45 shows the comparision of the classification accuracy in different combinations 
of relationships. Only the condyle-fossa relationship six measurements (b)--(g) is 
less accurate than other three. The other three combination:(1) condyle-fossa and 
condyle-disk 10 measurements (b)--(k), (2) three relationships (X-Y) 10 
measurements (f)--(o), and (3) total three relationships 14 measurements (b)--(o) 
are similar and there is no significant increase of accuracy after adding more 
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variables to discriminate analysis. 
The discriminant analysis of the "disk without reduction" in open mouth 
positions is also tabulated in TABLE XXV. The similar conclusions are found as our 
discussion in TABLE XXIV. The range of accuracy is from 62.37% to 86.78%. 
Figure 46 shows the comparison of the classification accuracy in ~ingle relationship 
measurements. The joint space method is less accurate than others. The condyle-
disk (X-Y) and disk-fossa (X-Y) method are more accurate than the clock method. 
Figure 47 shows the comparison of different combinations of measurement 
relationships. The same conclusion is found as our discussion in Figure 45. From 
the above discu~~irm, wA ~hni 1lrl cnn~irlAr usAing a combination of the 
measurement from the mutiple positions and the mutiple relationships to quantitate 
the differences. 
There are two reference points on the disk in our study . Based on different 
references, different combinations of measurements have different accuracy in 
discriminant classification. Three combinations of measurements are tabulated in 
TABLE XXVI. The first is ten measurements which use both points for a references. 
the second is six measurements which use disk posterior (L 12) as a reference. the 
third is six measurements which use disk center (L 15) as a reference. The 
accuracy of the first combination is always larger than that of others. In comparing 
the six measurements, the accuracy of the second combination is larger than that 
of the third combination. Based on this finding , we may only use the disk posterior 
L 12 as the disk reference point. We can modify our methodology without lousing 
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much of the classification accuracy by digitizing five points ( L 1, L3, LB, L 12, and 
L 13) and using the six measurements ((f), (g), (h), (i), (I), and (m)) to discriminate 
the disk position. This may be a useful direction for the clinical application of our 
method of analysis. 
Which are important predictor variables? The answer of this question 
requires further study. In our study, the actual grouping is based on the 
radiPlogists' subjective interpretation. The results show our quantitative 
measurements correlate hightly with the radiologists' impression. More than that, 
we also can use the combination of the quantitative measurements to discriminate 
whether the disk is displaced or not and whether the disk is without reduction or 
not. Futher work should be directed to attempt to discriminate the disk positions 
which are diagnosed by an absolute standard ("gold standard" such as surgical 
findings, autopsy, etc.). 
Table XXlll. Summary of the 2 X 2 decision matrices. 
2 X 2 Decision matrices of calssification result 
Actual Group Discrimination Predicted Group 
Radiologist's 
Impression Positive(T +) Negative(T -) 
Disease A B 
Present(D+) TP = P (T+ ID+) FN = P (T - I 0+) 
Disease c 0 
Absent(D-) FP = P (T + I D-) TN= P {T- JD-) 
Totals A+C B+D 
Definitions and Relationships 
TP + FN = P (T +JD+)+ P (T- / D+) = 1 
TN+ FP = P (T- / 0-) + P (T +ID-)= 1 
The sensitivity of the classification results (TP IO+)= P(T+ ID+) 
(Positivity in classification) = A I A + B 
The specificity of the ciassication result (TN I 0-) = P (T- / 0-) 
(Negativevity in classification)= DIC+ 0 
The accuracy of the classification results [TP +TN /(O+)+(D-)] 
(All correct outcomes in classification) = A + O I A + B + C + O 
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Totals 
A+B 
C+D 
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Table XX.IV. Discriminant classification of disk anterior displacement with different 
predictor variables in closed mouth positions. 
A 
(b)--(e) 
Sensitivity 67.330/o 
Specificity 62.370/o 
Accuracy 65.760/o 
(b)--(g) 
Sensitivity 70.300/o 
Specificity 62.37% 
Accuracy 67.80% 
(h) 
Sensitivity 61.39% 
Specificity 69.89% 
Accuracy 64.070/o 
(h)-(k) 
Sensitivity 66.34% 
Specificity 64.520/o 
Accuracy 65.76% 
(1)--(o) 
Sensitivity 58.42% 
Specificity 58.06% 
Accuracy 58.31% 
(b)--(k) 
Sensitivity 71.78% 
Specificity 66.67% 
Accuracy 70.16% 
(f)--(o) 
Sensitivity 76.73% 
Specificity 61.29% 
Accuracy 71.86% 
(b)-(0) 
Sensitivity 74.75% 
Specificity 66.67% 
Accuracy 72.20% 
POSITION: 
A = closed medial 
MEASURES: 
b = AS JS 
C= SJS 
d = PS JS 
e = PJS 
f= CsF Y 
g = CsF X 
B c A&B B&C 
72.280/o 61.880/o 73.76% 70.30% 
61.290/o 64.520/o 63.440/o 64.52% 
68.810/o 62.71% 70.510/o 68.470/o 
72.770/o 59.410/o 74.75% 69.80% 
59.140/o 61.290/o 65.590/o 65.59% 
68.470/o 60.000/o 71.86% 68.470/o 
64.36% 54.460/o 67.330/o 63.37% 
73.120/o 63.440/o 75.270/o 72.04% 
67.120/o 57.290/o 69.83% 66.10% 
69.31% 66.83% 67.82% 70.79% 
72.04% 64.52% 70.97% 73.12% 
70.17% 66.10% 68.81% 71.53% 
55.940/o 54.46% 57.43% 55.45% 
69.89% 56.99% 66.67% 66.67% 
60.34% 55.250/o 60.34% 58.98% 
73.76% 67.330/o 74.750/o 72.280/o 
69.89% 65.59% 70.97% 68.74% 
72.54% 66.78% 73.56% 70.85% 
72.280/o 63.86% 75.740/o 69.31% 
69.89% 60.22% 69.89% 74.19% 
71.53% 62.71% 73.90% 70.85% 
73.27% 64.85% 76.24% 69.80% 
70.97% 67.74% 72.040/o 70.97% 
72.54% 65.76% 74.92% 70.17% 
B = closed central C = closed lateral 
h= OpCA I= DpFY 
i= OpC L m= DpFX 
j= DcCA n= DcFY 
k= Dec L O= DcFX 
A&C A&B&C 
68.320/o 72.28% 
63.440/o 62.37% 
66.780/o 69.15% 
70.790/o 72.280/o 
61.290/o 67.74% 
67.80% 70.85% 
63.86% 66.340/o 
74.190/o 75.27% 
67.12% 69.15% 
70.30% 69.31% 
69.89% 74.190/o 
70.17% 70.850/o 
60.89% 59.41 % 
67.740/o 67.74% 
63.05% 62.03% 
74.750/o 77.23% 
67.74% 74.19% 
72.54% 76.270/o 
78.22% 73.270/o 
63.440/o 77.42% 
73.56% 74.58% 
75.25% 75.740/o 
65.59% 73.120/o 
72.20% 74.92% 
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Figure 44. Comparision of the classification accuracy of disk displacement among 
different single relationship measurements. A is closed medial position. B is closed 
central position. C is closed lateral position. Cd is condyle. Fs is Fossa. Dk is disk. 
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Figure 45. Comparision of the classification accuracy of disk displacement among 
different multiple relationships measurements. A is closed medial position. B is 
closed central position. C is closed lateral position. Cd is condyle. Fs is Fossa. Dk 
is disk. 
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Table XXV. Discriminant classification of disk without reduction with different 
predictor variables in open mouth positions. 
0 E F O&E E&F O&F D&E&F 
(b)--(e) 
Sensitivity 65.52% 70.11% 64.37% 65.52% 67.82% 65.52% 67.82% 
Specificity 61.06% 64.42% 67.79% 64.42% 64.90% 65.38% 63.94% 
Accuracy 62.37% 66.10% 66.78% 64.75% 65.76% 65..42% 65.08% 
(b)--(g) 
Sensitivity 68.97% 74.71% 71.260/o 71.260/o 73.560/o 71.260/o 73.56% 
Specificity 60.58% 63.46% 66.35% 66.35% 65.87% 65.380/o 68.27% 
Accuracy 63.05% 66.78% 67.12% 67.80% 68.14% 67.12% 69.83% 
(h) 
Sensitivity 65.52% 72.41% 74.71% 72.41% 73.56% 75.860/o 77.01% 
Specificity 70.67% 75.96% 77.88% 76.92% 76.44% 76.920/o 76.92% 
Accuracy 69.15% 74.92% 76.95% 75.59% 75.59% 76.61% 76.95% 
(h)-(k) 
Sensitivity 67.82% 72.41% 67.82% 75.86% 74.71 % 73.56% 74.71% 
Specificity 81.25% 84.13% 83.65% 83.17% 84.62% 82.21% 83.17% 
Accuracy 77.29% 80.68% 78.98% 81.02% 81.69% 79.66% 80.68% 
(1)--(o) 
Sensitivity 66.67% 72.41% 66.67% 74.71% 68.97% 73.56% 74.71% 
Specificity 81.73% 86.540/o 80.770/o 87.02% 86.06% 84.62% 85.58% 
Accuracy 77.29% 82.37% 76.61 O/o 83.39% 81.02% 81.36% 82.37% 
(b)--(k) 
Sensitivity 66.670/o 79.31 O/o 67.82% 73.56% 74.71% 73.56% 77.01 o/o 
Specificity 86.06% 85.10% 86.54% 87.02% 87.98% 87.98% 88.94% 
Accuracy 80.34% 83.39% 81.02% 83.05% 84.07% 83.73% 85.42% 
(f)--(o) 
Sensitivity 70.110/o 77.01% 67.82% 79.31% 75.86% 70.11 O/o 79.31% 
Specificity 83.650/o 87.980/o 84.13% 88.94% 87.98% 87.98% 89.42% 
Accuracy 79.66% 84.75% 79.32% 86.10% 84.41% 82.71% 86.44% 
(b)-(o) 
Sensitivity 68.970/o 78.160/o 64.37% 74.71% 77.01% 72.41% 79.31 O/o 
Specificity 87.020/o 89.900/o 87.50% 88.94% 90.87% 89.420/o 89.90% 
Accuracy 81.69% 86.440/o 80.68% 84.75% 86.780/o 84.410/o 86.78% 
POSITION: 
D = open medial E = open central F = open ~ateral 
MEASURES: 
b= ASJS h= DpCA I= DpFY 
C= SJS i= DpC L m= DpFX 
d= PSJS j= DcCA n= DcFY 
e= PJS k= DcC L O= DcFX 
f= CsFY 
9= CsFX 
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Figure 46. Comparision of the classification accuracy of disk without reduction 
among different single relationship measurements. D is open medial position. E is 
open central position. Fis open lateral position. Cd is condyle. Fs is Fossa. Dk is 
disk. 
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Figure 47. Comparision of the classification accuracy of disk without reduction 
among different multiple relationships measurements. D is open medial position. 
E is open central position. F is open lateral position. Cd is condyle. Fs is Fossa. 
Dk is disk. 
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Table XXVI. Comparison of the accuracy of discriminant classification with different 
predictor variables base on different disk reference point. 
Predictor Variables Criterion Variable 
Disk anterior displacement Disk without reduction 
Both L12 and L15 PREDICTED PREDICTED 
as disk reference Positive Negative Positive Negative 
ACTUAL ACTUAL 
(f) -- (o) present 148 54 Present 69 18 
10 measurements 73.270/o 26.73% 79.31% 20.690/o 
of three position Absent 21 72 Absent 22 186 
22.580/o 77.42% 10.58% 89.420/o 
30 predictor variables 
Accuracy 74.58% Accuracy 86.440/o 
Disk posterior L 12 PREDICTED PREDICTED 
as disk reference Positive Negative Positive Negative 
ACTUAL ACTUAL 
(f)(g)(h)(i)(l)(m) present 148 54 Present 65 22 
6 measurements 73.270/o 26.73% 74.71% 25.290/o 
of three position Absent 24 69 Absent 29 179 
25.81 O/o 74.19% 13.94% 86.060/o 
18 predictor variables 
Accuracy 73.56% Accuracy 82.71 O/o 
Disk center L 15 PREDICTED PREDICTED 
as disk reference Positive Negative Positive Negative 
ACTUAL ACTUAL 
(f)(g)(j)(k)(n )( o) present 146 56 Present 64 23 
6 measurements 72.28% 27.72% 73.56% 26.440/o 
of three position Absent 30 63 Absent 30 178 
32.260/o 67.74% 14.42% 85.580/o 
18 predictor variables 
Accuracy 70.85% Accuracy 82.530/o 
MEASURES: 
f= CsFY h= DpCA I= DpFY 
g= CsFX i= DpCL rn= DpFX 
j= DcCA n= DcFY 
k= DcC L O= DcFX 
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C. Subjective symptoms 
In unilateral symptomatic patients, the joint of the symptomatic side was 
compared with the joint on the asymtomatic side of the same person. There are 
a few measurements which show statistically differences between groups. The 
difference between the means is statistically significant but the size of the difference 
is too small to be used clinically and the overlap of the groups is also large. It is 
only a statistical verification of a different population. The majority of the differences 
are found in the open mouth position. In contradiction to this, there are almost 
identical values of the measurements in closed mouth position. What is the 
possible cause of these results? The first postulation is our measurements can not 
represent the differences between them. The second possibility is that the degree 
of biological change can not be shown out by the measurements. For example, the 
joint of an asymptomatic side has some change but not enought to show a 
difference from the symptomatic side. Another example; the joint of a symptomatic 
side has the initial change of the disease progress and this minor change shows 
no difference in the result. On the other hand, we found a lot of differences 
resulting from the mouth opening function. The asymtomatic side joints function 
differently from the symptomatic side joints. Subjective symptom seems to be 
related to the range of the joint function. 
The symptomatic joints of unilateral symptomatic patients are compared with 
those of bilateral symptomatic patients. There are many differences between them 
which are statistically siganificant. These difference are found in both closed and 
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open mouth positions. The evidence supports the concept which was priviously 
discussed. The joint with internal derangement shows different stages of change 
as the disease progresess. Usually in the initial stage, the patient has only 
unilateral joint symptoms and then some of the patients progress into bilateral joint 
symptoms. With mouth opening, the degree of change can affect the range of joint 
function. This can explain why both closed and open mouth positions show 
differences which are significant. From the above observation and discussion, it 
seems that the subjective symptoms have some correlation with the functional 
aspect of the disk. In this study we could only differentiate asymptom group from 
symptom group. We need to subdivide the symptomatic joints into different stages 
Ftnrl r.omrRrA thAm. Thi~ nnrtinn nAArl~ f11rthAr ~t11rly to clarify the relationship 
between the function of the disk and the symptoms of internal derangement. 
In bilateral symptomatic patient, The right side joint was compared with the 
left side joint of the same person. A few measurements were different which is 
statistically significant between groups. The majority of the differences are found 
in closed mouth position with only a few in open mouth position. Usually bilateral 
symptomatic patients belong to a particular disease progress stage. The range of 
function is limited and functional adaptation or compensation modifys the range of 
the function. This explanation may be that the functional range of both sides of the 
same person in open mouth position is similar. What causes the difference in 
closed mouth position? This difference may be explained by three reason. First, 
the original right side and left side joints may be different. Second, there may be 
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different stages of progress of the disease in right side and left side joints. Third, 
the combination of both factors may cause the differences_ observed. Further study 
of the right side and left side joints in the normal bilateral asymptomatic subjects 
is indicated for to accumulate baseline information because the distribution of the 
positions of these anatomatic parts in the "normal" population is not known. 
CHAPTER VI 
SUMMARY 
.. 
The evaluation of. the structure and function of the disk in the 
temporomandibular joint has been subjective and qualitative in most previous 
studies. Quantification of the condyle-fossa-disk relationships is essential for 
assessing the function of the temporomandibular joint in both health and disease. 
A new method is described for obtaining quantitative measurements of the 
joint. The method is applied to a magnetic resonance imaging system and also to 
computer manipulation of digitized images. The quantitative measurements of the 
joint are used as an index to evaluate the 150 patients with symptoms of unlilateral 
or bilateral internal derangement. 
The following is a listing of the most significant findings in this study: 
A. Accuracy of methodology 
(1) The identification of each selected landmark has it own distribution. 
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(2) The estimation of the mean of the intraobserver error of the rnethod is 0.5 mm. 
(3) Statistically, the method is reproducible and relatively accurate. 
(4) Three tracings per individual increase the reliability. 
B. Radiologists' impression 
(1) The measurements are highly correlated with the radiologists' impression. 
(2) Discrimination of the disk position from the quantitative measurements is 
possible with high accuracy in the range of 75%-80%. 
(3) In closed mouth position, the normal group is different from the groups of 
anterior disk displacement with reduction and without reduction. 
(4) In open mouth position, the anterior disk displacement without reduction group 
is ditterent trom me groups ot normal and anterior disk displacement with 
reduction. 
(5) The difference of the means is statistically significant but the size of difference 
is small. This is a statistical verification of the different population group. 
C. Subjective symptoms 
(1) In unilateral symptomatic patients, the symptomatic joint is different from the 
asymptomatic joint of the same person when the mouth is open but almost no 
differences are found in the closed mouth. 
(2) In symptomatic joints, many differences are noted between the joints of 
unilateral symptomatic patients and the joints of bilateral symptomatic patients. 
These differences occure in both closed and open mouth positions. 
(3) The symptoms are observed to have some correlation with the functional 
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position of the disk and also to have some influence on the range of the joint 
function. 
(4) In bilateral symptomatic patients, the measurements of the right side joint are 
different from those of the left sides joint with the mouth closed but almost identical 
when mouth open. 
(5) The difference of the means are statistically significant but the size of the 
difference is small. The variation within the groups is large. 
This is an explorative investigation of pathological changes associated with 
internal derangement in temporomandibular joints. A new method is used to 
quantify the condyle-disk-fossa relationships of the temporomandibular joint. The 
method is reliable, reproducible, and relatively accurate. It correlates with 
radiologists' impression. This is a first step in an attempt to quantify the positional 
changes of the disk and condyle on the magnetic resonance imaging of the 
temporomandibular joint. Therefore. many further studies are needed to provide 
additional basic and valuable information. 
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